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Confidenti~--------
SUMMARY Open / ~ t/_r. ~c:Ytt-f 

During 3 months last summer, June 26 through September 26, 1978, 
the Bromide Project was tested with seven diamond drill holes. A 

total of 4527 feet were drilled, with the deepest hole being 879 

feet and the average depth being 645 feet. This cost a total of 
$102,727 (excluding supervision) or $22.69 per foot, which is con

siderably better than last year's cost of $24.7~ per foot. 

The work was again done by Conners Drilling Inc. using two 1O-hour 
shifts per day. Aside from the usual mechanical difficulties, no 
major problems...were encountered and drilling went smoothly. Ex

cellent assistance was given most of summer by Larry Johnson, a 
student employee and for several weeks by Robert Schafer, _a con
sultant._. 

Drilling tested the entire length of favorable copper-bearing 
schists. While this further substantiated a volcanogenic envir
onment at Bromide, it unfortunately did not uncover any massive 
sulfides. A big disappointment was finding that all the EM con

ductors were apparently water saturated fault zones and not sul
fides. A surface geochemical anomaly at the southeast end of zone 
led to naught, as did the strictly geological targets. While 
there conceivably st,ill might be a blind ore body at Bromide, we've 
covered the best areas along the copper-bearing ·zone and, without 

some cheaper method_ such as EM to pinpoint targets, additional 
drilling is not £easable. 

As a result, we are terminating our agreement on the four patent
ed claims of the Whale group, and no further massive sulfide ex
ploration is planned. Since our unpatented claims are valid un
til September, 1979, we'll hold them and plan a brief scintilo
meter recon for uranium as soon as time and weather permits. Ac-
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cording to our new consultants, uranium mineralization at near
by Tusas Peak could have been transported and concentrated along 
fractured zones in the meta-volcanics of the project area. 
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GENERAL 
Drilling began this summer on June_ 26 and was completed 3 months 
later on September 26, 1978. A total of 4527 feet was drilled in 

?-angle holes, B-3 through B-9. As shown on Map 2, the holes co

vered the favorable 2-mile belt of copper~bearing schists. 

The core was logged and stored in Tres_ Piedras, a small town near 
the project area. A rental trailer provided living accomodations 
for our geologists, Larry Johnson, a student from the University 
of Arizona graduate school. He did a fine job logging core and 
"sitting on the rig" until his return to school at the end of Au

gust. Robert Schafer took over for 4 weeks and also did an ex

cellent job. The last 2 holes were logged by myself. The drill 
hole logs are appended to this report. 

Because of nearby radioactivity in the Tusas Peak area, pJans. are 
to scan the core with a scintilometer prior to skeletonizing and 
shipping it to Tucson. If anything should come of this, our pre
sent unpatented claim holdings are still valid as our drilling was 
more than adequate for the annual assessment work due this year. 
This filing has been done and the Land Department has been advised 
that our agreement with the Kuykendal-ls for 4 patented claims is 
to be terminated in February. 

DRILLING 
Drilling was again done by Connors Drilling Inc. inspite of some 
slow downs because of mechanical problems, a generally excellent 
job was done by drillers Tom Fle~ing and Ron Hawke. Both men 
should be used on future work by Connors. 

Core recovery was excellent and drilling problems fairly minor. 
One problem, encountered most in drill hole B-3 (see Fig. 1), was 
the tendency of the drill to flatten or "whip-up" with depth. This: 
was overcome by slowing the drilling rate and using flat-faced, 
rather than tapered, bits in areas of alternating layers of hard 

and soft rocks. In future angle holes, it would probably be a 
good idea to request stablized core barrels. 
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Drilling costs for the project we~e quite reasonable as shown by 
the following sUJnIDary: 

Direct Drilling Costs 

Hole Total Depth Cost Cost/ft. 

B-3 672' $13;748 $ 20.46 
B..;.4 664' 13,859 20.87 

B-5 524 1 10,690 20.40 
B-6 862 1 16,076 18.65 
B-7 879' 16,928 19.26 
B-8/8A 576' 9,804 17.02 

B-9 220' 7.1680 21.92 
TOTALS: 4527' $88,785 $ 19.61 

Other charges were as follows: 
Connors (misc. supplies, H20 truck, N.M. tax) .. $6,220 
Site prep and rig moving. 
Soluble oil & shipping .. 
Baroid mud & additives .. 

. . 
• • 
• • 

. ........ 1,305 

. ~ ....... 2,349 

• • • • • • • 
Core shack rental & core boxes. • • • • • • 

. . 3,678 

. • 290 
$13,942 TOTAL 

Thus, the total costs for the Bromide Project last summer were 
$102,727.00 or $22.69 per foot. This compares with a cost of 
$24.73 per foot for the 1977 drilling. 

GEOLOGY AND MINERALIZATION 
General. Our ··drilling last summer again confirmed the volcanogen
ic nature of the mineralization in the project area. Unfortunate
ly, no economic intercepts. were encountered. Since both the 1977 
drill holes were assayed and since visible mineralization was si
milar in the 1978 holes, the core was not assayed this year. 

Several questions were answered. Drilling established that the 
anomalous EM was not a result of sulfide conductors. Instead, the 
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EM was detecting conductive fault zones. Drilling also supported 

Bob Schafer's conclusions from hi~ detailed work last winter (see 
Appendix) that the schists in the copper-bearing zone have been 
tightly folded. Thus stratigraphic up and down .is,: hard, if not 
impossible, to define. 

The significance of magnetite distribution is uncertain, except 

for the sharp downward gradient along the NE flank of the target 
zone. This gradient corresponds to the NW-trending greenschist~-
meta-granodiorite intrusive contact. Magnetite definitely occurs 
with grains of primary chalcopyrite, but areas 'inJarge magnetic 
highs yielded no better copper mineralization than areas in small 
highs or lower gradients. Only in drill hole B-3 did a magnetic 
low correspond to a totally barren hole. 

A detailed account of the geology and mineralization for holes 
B-3 through B-9 is shown in Figures 1-7 and is appended in the 
Diamond Drill Logs. Also appended is a detailed alteration log 
and report by Bob Schafer for 1977 holes B-1 and B-2. A brief 
summary of each 1978 hole follows. 

B-3. Drill hole B-3 was located midway between Stations 12 and 
13NE on EM line 20W. It was inclined -45° on a bearing of N30°E. 
This location tested one of the stronger EM conductors which coin
cided with an altered meta-ashflow (see Figure 1). · The hole bot
tomed at 672 feet. However, due to flattening, it probably only 
penetrated some 350 feet vertically, rather than the 500+ vertical 
feet shown on Figure 1. 

Altered meta-ashflow was the principal rock down to 500 feet. The 
interval from 250 to 370 shown as meta-andesite and agglomerate 
is probably meta-ashflow with more chlorite and fewer quartz eyes. 
A large fault zone was encountered at 500 feet and the rocks below 
this were primarily. greenschists. 

Except for iron-oxide and very minor pyrite, B-3 was devoid of min
eralization. If the hole is flattened to the estimated path shown 
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on Figure 1, then the fault . zone at 500 feet could easily explain 
the surface EM anomaly being tested. Thus B-3 negated most of 

the similar EM anomalies in the northwestern part of the survey 
area. 

B-4. Drill hole B-4 was located on EM line 4W at Station 3NE 
with an inclination of' -55° on a bearing of N30°E. Its objective 
was to test for mineralization beneath the Whale shaft and a weak 

EM anomaly NE of the shaft. The hole was bottomed at 664 feet or 
about 550 feet vertically (see Figure 2). 

B-4 penetrated a section of meta-agglomerates and minor meta-an
desites with a distinctive interval of meta-conglomerate and meta
sediment near the bottom. When projected to the surface the width 
of this sedimentary unit correlates perfectly with an outcropping 

unit of similar composition. 

Spotty copper mineralization occurred throughout the hole, but the 
downward extension of the Whale lode was hard to pin down forcer
tain. A likely continuation is the fractured and veined zone be
tween 300 and 400 feet. There was no encouragement for a massive 
sulfide body and the weak EM anomaly was undoubtedly derived from 
one or several fault zones. The hole was stopped below the sedi
mentary unit, inspite of weak disseminated copper because of in
creasing.secondary silication from the granodioritic sill? to the 
NE and the negative data exposed at the surface- between the sedi
mentary unit and the sill? 

B-5. Drill hole B-5 was located on EM line 32E, midway between 
stations 17 and 18NE. It was inclined at -45° on a bearing of 
N30°E.· It was designed to test another weak EM response and to 
establish for sure the barren "hangwall" northeast of the end of 
B-2. B-5 was bottomed at 524 feet (±400 feet vertically), well 
into the barren granodioritic meta-intrusive. 

As shown on Figure 3, B-5 intersected a sequence very similar to 
that in the lower part of B-2 before entering the granodioritic 
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intrusive. It shows that the intrusive contact is dipping south

westerly and also shows the strong' secondary silication (as in 

B-2) produced by the intrusive. No massive sulfides were encoun

tered and the EM response is apparently from structure. 

B-6. Drill hole B-6 was located about 500 feet -SSE of drill hole 
B-1 on EM line 32E near the base lirie (station O). It had an in
clination of -45° on a bearing of N45°E and was designed to check 
the Pay Role horizon and a weak EM response which occurred on 
strike southeast of the Pay Role lode. B-6 was collared further 
southwest than B-1, since B-1 encountered copper shows also at the 

+ surface. The hole was bottomed at a depth of 862 feet, -600 feet 

vertically, since there was no increase in copper content. 

As shown on Figure 4, B-6 consisted primarily of meta-agglomerate 
inter-layered with meta-andesite and meta-andesite porphyry. Traces 
of copper occurred throughout the ;hole, but again, the EM was pro

bably picking up faults, rather than sulfides. 

B-7. Drill hole B-7 was collared about 500 feet ESE of the · sw 
corner of the Pay Role claim on EM line 40E near station 6. It 
was inclined at -45° on a bearing of N30°E. B-7 was the southeast
ernmost hole drilled, and its objective was to test the center of 
an area of geochemically anomalous copper. It was bottomed at 879 
feet or about 600 feet vertically. 

As shown on Figure 5, B-7 encountered a section very similar to· 
that in B-1. Inspite of probable interpretative differences in 
logging, the general spacing of the ashflows and sediments in B-7 
correlates closely with similar units in B-1. Traces of copper 
were detected throughout, however, there was no increase with depth. 
One six-foot intercept from 238 to 244 feet contained very abundant 
pyrite with what originally looked like a central core or signifi
cant bornite and chalcopyrite. However, in daylight under the bi
nocular scope, most of the sulfides turned out to be pyrite with 

only traces of copper. If the ashflow correlation is right, then 
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this sulfide intercept doesn't match anything in hole B-1. Although 
B-7 wa~ in visually "flashy" native copper at the bottom, it was 
stopped since there was no significant copper increase with depth 

and since drilling problems were rapidly escalating costs. EM res

ponse, as before, can be explained by structure. 

B-8/BA. Drill hole B-8/BA was located in the same ravine as B-3, 
but further to the southwest. it was on the Ora patented claim, 

200 feet from the west end line and 250 from the south side line. 
It was inclined at -45° on a bearing of N30°E. B-8 was stopped 
prematurely because of drilling problems at 164 feet. A second 

hole, B-BA, was drilled a few feet away and was bottomed at 412 

feet or about . 300 feet vertically. The objective was the contact 
between the altered ashflow in which B-3 was collared and the an
desi tes in whi·ch·.B"78A,:was collared. 

The hole penetrated the "normal" volc1aniclastics and flows but 
the sediments encountered were much more abundant than seen on 
surface. B-8A probably bottomed in a subsurface equivalent of 
the sill-like granodiorite which intrudes the same ashflow contact 
. . 

at the surface to the southeast. Although the ashflow was probably 
nqt encountered, the acidic rock at the contact was totally barren, 
so the hole was terminated. 

• Very little copper was seen in B-8A, except one 17. 5-foot interval 
from 57 to 74.5 feet, where stringers of oxide copper commonly 
occurred in a conglomerate of ashflow cobbles. 

B-9. Drill hole B-9 was located at the northwestern.most end of 
the target zone, 175 feet s20°w of the Cozart shaft. With a bear
ing of N20°E and an inclination of -556 , it was designed to test 
the extent of "good-looking" mineralization seen on the Cozart 
dump. 

As shown on Figure 7, B-9 extended well under the shaft and en
countered very little mineralization. Only two narrow seams of 
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copper were seen; nothing comparable to that on the dump. Thus, 

the hole was bottomed at 350 feet ·in barren andesite. 

CONCLUSIONS AND RECOMMENDATIONS 
Our 1978 drilling at Bromide covered the entire length of the 

. . 

favorable zone of copper-bearing schists. While there is still 
enough undrilled space between some of the holes to conceal a 
"blind" orebody, our drilling tested the most likely areas and 

found little encouragement for economic mineralization. 

On the basis of the drilling, it must be concluded that we were 

in a volcanogenic environment. However, either the system never 
generated a massive concentration of sulfides, or we' re in a root· · 
zone and the massive portion has been .eroded.:,. away. The chance 

of a deposit at greater depths than drilled is unlikely since the 

meta-volcanic host rock is proba~ly underlain by the meta-grano
dioritic intrusive which crops out along the NE flank of the pro
ject area. 

Unfortunately, the drilling also demonstrated that the EM conduct
ors detected by the 1977 Max Min survey were all the result of 
structure rather than sulfides. Also, the geochemical copper an
omaly at the SE end of the ~roject area proved to be of no help 
in finding more massive mineralization. 

Thus, without any indirect assistance left, and having drilled 

the most favorable geological targets, no further work for massive 

sulfides is recommended on the Bromide project. 
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A P P E N :D I X 

1. Diamond Drill Field Log - DDH B-3 
2. Diamond Drill Field Log - DDH B-4 
3. Diamond Drill Field Log - DDH B-5 
4. Diamond Drill Field Log - DDH B-6 

5. Diamond Drill Field Log - DDH B-7 
6. Diamond Drill Field Log - DDH B-8A 

1. Diamond Drill Field Log - DDH B-9 
8. Detailed Alteration Core Logging, Petrographic Study, and a 

Stratigraphic-Structural Control of Mineralization Hypothesis 

at the Bromide District by Robert W. Schafer. 

(a) DDH B-1: Report and Log 
(b) DDH B-2: Report and Log 
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DETAILED ALTERATION CORE-LOGGING, PETROGRAPHIC 
STUDY, AND A STRATIGRAPHIC-STRUCTURAL 
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SlH~1ARY 

Two ore mineral assemblages were identified during the course 6f 
the study of DDH B-1, a sulfide assemblage made up of pyrite, pyr

~hotite, chalcopyrite, ~nd bornite, and an oxide assemblage com

posed of native copperariicuprite. Generally, the sulfide assem-
~ • 

blage was localized concordant with foliation and in association 
with carbonate-hydrothermal chlorite stringers. The localization 
of the oxide assemblage is along fractures and foliation surfaces 

where groundwater could penetrate. 

An attempt to correlate rock-type and mineralization showed that 

higher copper values were associated with agglomeratic, felsic 
units. These units may or may not have been the primary carrier 
of values, but subsequent metal mobilization may have localized 
values here due to the more porous nature of the rock. 

Generally, chlorite, sericite, biotite and epidote are the most im
portant alteration minerals. Microscopic studies revealed the wide

spread character of sericite, the replacement of early chlorite and 
biotite of metamorphic origin by latter hydrothermal chlorite, and 
epidote as a replacement product of plagioclase and not uncommonly 
disseminated in the deeper portions of the drill hole. Other alter
ation phases observed were .serpentine, stilp~omelane, and cordierite. 
The juxtaposition of an altered unit over an unaltered unit, indicat
ing possible inverted stratigraphy, suggests the identification of 
a marker unit to identify the top of a single ' mineralization episode. 

By plotting top and bottom indicators down_ the drill hole, cartoon
ing overturned isoclinal folds, and superimposing anomalous copper 
values on the picture, there is suggested a ·possible structural
stratigraphic control for mineralization. Altogether, the evidence 
suggests further search either up-dip in the same stratigraphic un
it, or down strilre. 



ORE MINERAL ASSOCIATIONS 
Whether the ore components were present at the time of deposition 

of the alternating sequences of andesites, agglomerates, sediments 
and ashflows during the Precambrian or not is of academic import
ance with respect to their observable, present-day distribution. 
Generally speaking, mobilization and re-deposition in favorable 
localities characterizes the sulfide-oxide ore mineral assemblage, 
resulting from both hydrothermal and supergene mechanisms. 

Sulfide Assemblage. Pyrite, pyrrhotite, chalcopyrite and bornite 
make up the assemblage of ore minerals deposited as a result of 
hydrothermal processes active late in the greenschist metamorphic 
episode or following it. The zones of weakness (foliation) which 
localized the sulfide minerals pre-date their deposition, indicat
ing a relative age for mineralization. The ore minerals are very 
commonly in association with quartz-carbonate stringers which rarely . 
cross-cut the pervasive structural grain of the host rock. In in
stances of obviqus post-metamorphism shearing, accompanied by sub
sequent quartz-carbonate healing, remobilization of the copper and 
iron sulfides has not occurred, leaving the fault zones quite barren~ 

The typical association of ore and host materials consists of any 
single sulfide phase intergrown with, or sheathed by a secondary, 
bright green ;ariety of chlorite, commonly associated with ca.1fft·e. 
In rare instances, chalcopyrite and bornite occur together, while 
on occasion pyrrhotite was observed to replace magnetite. Generally, 
pyrite is the most common ore mineral and occurs in the upper por
tions of the hole, while pyrrhotite, possibly resulting from late 
de-sulfurization of pyrite, predominates in the bottom 300 feet. 

Oxide Assemblage. Native copper and cuprite make up the supergene 
assemblage of ore minerals. Controls for the distribution of these 
phases are most commonly planes of foliation, and sympathetic frac
ture surfaces which acted as conduits for meteoric water in the· sub
surface. Native copper occurs as thi~ plates on limonite-coated 
surfaces. Cuprite is more closely associated with blebs and vein
lets of silica, and is restricted to-the bottom half of the hole. 



CORRELATION OF ROCK TYPE AND MINERALIZATION 
The consideration of ore grade as it is related to lithology is an 

aspect that should not be overlooked since an obvious guide to 
mineralization may become evident through such correlation. Fif
teen assay samples from DDH B-1 whose copper values were in excess 

of 250 ppm were noted along with footages associated with each sam
ple. Matching the assay interval with the alteration log interval 
yields an interesting corelation of rock and assay value, and im
plies a genetic relationship as well as suggesting a source of heat 
to mobilize and redeposit copper, chlorite and carbonate of hydro
thermal affinity. In addition, imp1ication of location laterally 
displaced from higher grade zones may be put forth. 

A striking correlation of higher mineral values with agglomeratic, 
fragmental, or brecciated materials is immediately obvious from 
the following table. It may be suggested that these units not only 
carried initially anomalous concentrations of copper (syngenetic), 
but also that the more porous character of a rock of this sort would 
be more receptive to the migration and re-deposition of mobilized 
primary copper. Perhaps it may not be too far out of line to sug

gest these materials as being "millrock" equivalents. 

A noteworthy interval from 350 feet to 510 feet exhibits anomalous 
copper over its entire length. It is suggested as one possibility 
that he~t from a nearby intrusive rock, evidenced _by observed, small 
apophyses of latir trap material into this sequence, may have been 
responsible for localizing copper values and imparted the hydrother
mal character to the distribution of chlorite, carbonite, and sul-

... 
fides. A second, equ~lly plausible explanation suggests that these 
units are laterally contiguous with, or equivalent to higher grade 
units of an ore~depositing episode. Therefore, exploration drilling 
stepped out along the strike of these beds may show greater promise. 

MEGASCOPIC PHYLLOSILICATE DISTRIBUTION ;·-
From megascopic observation of split core from DDH B-1 it was ob
served that these phyllosilicate phases predominate: sericite, 



chlorite, and biotite. The distribution of these minerals appears 
to be governed by two controls, the rock type and the alteration/ 
metamorphism intensity. 

The initial 330 feet down-hole is dominated by sericite, with sub
ordinate amounts of chlorite. ,It is believed that the upper 75 to 
100 feet of the section is characterized by supergene sericite re
sulting from surficial weathering effects •. Deeper into the hole, 
significant amounts of sericite mixed with chlorite occur within 
all rock types. Narrow intervals, usually of meta-andesitic com
position, in which chlorite is the dominant sheet silicate, occur 

at irregular intervals down-the-hole. 

Between 330 and 660 feet chlorite is the chief mineral resulting 
from metamorphism/hydrothermal alteration. Miner amounts of seri
cite, except in a sericitized meta-ashflow unit, together with the 
initial appearance of biotite, are also part of _the mineral assem
blage. Chlori te of metamorphic origin is easily disce_rnible from 
that originating by hydrothermal processes. The metamorphic type 
is generally pervasive in its distribution, and is very dark green 
to blackish-green in color. Most commonly it is quite fine grained. 
In contrast, lat er_: hydrothermal chlori te is bright lime green and 
coarser grained. The distribution of.this generation of chlorite 
is usually controlled by veinlets in association with quartz, car
bonate and occasionally sulfides. Not uncommonly, it is observed 
as thin laminae concord~t with the foliation of the metamorphic 
rock. In zones where concentrations of this secondary chlorite are 
high, the probability for ore materials is greatest. 

Biotite and sericite ± chlorite dominate the lowest portion of DDH 
B-1 (660 feet to 830 feet). Biotite is usually localized in laminae 
and near veinlets as medium to fine-grained books aligned parallel 
to foliation. Its presence indicates increased metamorphic intens
ity, therefore higher P-T conditions. Winkler (1967) suggests that 
coexisting muscovite (sericite) and chlorite react to form biotite 
and aluminum-rich chlorite or muscovite. The light grey, plately 
mineral common in the deeper sections of the drill core is possibly 



SAMPLE NO. 

B-l-2 

B-l-8 
B-l-29 

B-1-32 
B-l-33 
B-l-37 

B-1-39 
B-l-40 
B-l-44 
B-1-49 
B-l-5l 
B-l-52 
B-l-56 

B-l-57 
B-l-75 

TABLE 1. INTERVALS WITH 
COPPER ASSAYS· 250 ppm 

ASSAY 
INTERVAL 

77-97 

158-168 
350-360 

380-390 
390-400 
430-440 

440-456 
456-470 
500-510 
546.5-560 
570-580 
580--590 
620-629 

629-633 
788-789 

.LOG 
INTERVAL (S) 

71.5-81 
81-88.5 
88.5-97.5 
155-165 
348.5-356 
356-374.5 
379.7-385 
385-398.5 
398.5-439 

439-473~5. 

494.5-512.5 
547-559.9 
559.9-579.5 
579.5-592 
614-625 
625-629.3 
629.3-64l 
770.2-803 

cu ROCK TYPE 

270 Agglomerate-andesite 
porphyry 

265 agglomerate 
260 andesite-sediments 

275 andesite-agglomerate 

265 andesite 

275 andesite with pebbles 
·near intrusive 

810 II II n 

315 II II n 

420 agglomerate-q_tz vein 
260 ashflow 

305 ashflow_with £regs 

255 andesite 

285 andesite 

305 agglomerate 
6000 andesite with auto-

liths 



this latter reaction product and accounts for the low chlorite ob

served once biotite appeared. 

MICROSCOPIC-PETROGRAPHIC INVESTIGATION 

Among the important results of the microscopic study of selected sam
ple intervals from DDH B-1 drill core were the paragenetic inter
pretation and alteration phase distributions, and the identificat
ion of a marker unit that may signify the ~op of a metallogenic 
episode in the volcanism. 

In terms of paragenesrs, replacement textures in which phases inter
pretted to be hydrothermal replacing the "primary" metamorphic min
erals are deemed most important, since it is this hydrothermal event 
that is thought to be associated with the ore mineral mobilization 
and relocation. Starting with rocks initially containing quartz, 
plagioclase and mafic minerals, usually J_inequigranular in charact
er, an alteration assemblage composed primarily of sericite, chlor
ite, epidote and calcite, with minor amounts of serpentine, stilpno
melane and cordiente, was superimposed on a chlorite, plagioclase, 
biotite, sericite metamorphic assemblage. 

Sericite was observed to be much more widespread than originally 
perceived megascopically, and was noted to replace plagioclase with 

- ~ . . ... ,, 

varying degrees of pervasiveness, cordieriteto a minor degree and 
chlorite-1 (metamorphic origin) in small amounts. Chlorite-2 (hy
drothermal origin) was observed to replace biotite, chlorite-1, and 
in· a moderate manner, plagioclase. Additionally, veinlets and quartz
carbonate pods tended to localize chlorite-2. Epidote was sparse 
near the top of the drill hole, but the extent of its distribution 
increa~ed- significantly below 550 feet to a maximum of 20-25% of the 

;• \ • 

entire ro5k: Generally, epidote was restricted to plagioclase re-
placement, but occasionally it was disseminated as small grains 
throughout the rock, locally concentrated along inter-unit contacts. 
Calcite was very common as a veinlet mineral in a ssociation with 
quartz and chlorite-2. H~wever, it was not uncommon to observe cal
cite to replace plagioclase phenocr.ysts in a splotchy manner. 



Serpentine was usually observed in groundmass location and probab

ly was _f~rmed as a-result of replacement of earlier mafic grains. 
Cordierite, exhibiting its characteristic interpenetration twinning, 
was-rarely observed. 

Stilpnomelane, a member of the orrtti.e mica family, was observed a
long several large calcite veinlets and probably was generated by 
the late hydrothermal activity. 

Metamorphic biotite was first noted at 543 feet, ind~c~ting increas~ 
ed metamorphic intensity at g~eat ' depths. Coarselycry~talline ser
icite, megascopically interpreted as argillization, was noted at 
462 feet. This corresponds quite well with the high copper assay 

. . 

values. It is suggested this may be a recrystallization product as-
sociated with the hydrothermal event~ 

Near the bottom of the drill hole a lightly altered andesite por
phyry was observed to stratigraphically underlie a highly altered 
sequence. This would again suggest the overturning of units with 
mineralization being stratigraphically lower in the sequence. This 
andesite has the potent~al to be a marker unit since it has discern
ible plagioclase phenocrysts replaced by epidote set in a very fresh, 
all plagioclase groundmass. If there has been only limited sulfide 
mobilization, this unit possibly m3:/ld~ the top of a mineralizat_ion 
episode, will be useful. 

BEDDING ORIENTATION & POSSIBLE INTERPRETATION 
Study of the drill core from DDH B-1 revealed conflicting evidences 
for the determination of tops and bottoms of . the defined rock units. 
As a result~ the author suggests the possibility of folding within 
the sequence. ·By cartooning the evidence observed in the drill core 
for bedding orientation, the followfng figure was derived. By super:
imposing the anomalous Cu values from Table 1 at the appropriate 
footages, an interesting effect became noticeable. The high copper 
values (>250 ppm) seemed to correlate well with the overturned lim.-1:1s 
of the hypothetical folds, each t_ime quite close to a proposed ere-st. 



The "tightnessn of the folds was inferred by the fairly constant 
dip observed in the bedding and the frequency at which top and bot
tom -indicators were noted, suggesting an isoclinal folding pattern. 
It also seems worthwhile to note that the copper anomalT,_- seems to 
be restricted to a particular unit. 

If this hypothesized stratigraphic-structured relationship in any 
way reflects the natural situation, the suggestion for ore locali
zation might be as pods or rod-like bodies within agglomeratic fel
sic units near fold crests. The correlation of values from the 
Payroll Shaft seems to corroborate this model quite well. Further 
investigation up-dip toward the hypothetical fold crest and along 
the strike of the units seems to be merited. 
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BROMIDE PROJECT DDH-B-2 

SUMMARY: 
Drillhole B-2 of the Bromide, N.M. project penetrates metavolcanics, 

' metasediments and intrusive igneous phases similar to those of DDH 

B-1. However, the rock units intersected generally have been meta
morphosed to a slightly greater degree than those observed in the 
previous drillhole. The greater abundance of biotite and epidote 

in the metamorphic mineral assemblages near the surface, along with 
the possible occurrence of garnet at greater depths are evidence of 
this effect. 

The sulfide mineral assemblage is similar to that of D~H B-1 (phr
rhotite, pyrite, chalcopyrite, bornite) with the exception that a 
new mineral, possibly niccolite (NiA~), was observed in associa-
tion with pyrrhotite near the bottom of the hole. In addition, fran:
boidal pyrrhotite was observed on several fractures and foliation 
surfaces, suggesting biogenic activity following the_ metamorphic 
event(s). The oxide ore mineral assemblage consists almost exclu-

(- sively of native copper; cuprite was observed only once. 

New structural features were observed to corroborate suggestions 
made in the report for DDH-B-1. Overturned isoclinal drag folds 
were noted in shallow portions of the drill core to support the 
regional structural picture constructed from evidences of overturn
ing in DDH B-1 core. Another fracture seen in sawed core sections 
was a lineation of the platey minerals that is not only at an angle 
to the primary bedding foliation, but also varies in~its orienta
tion down the hole. It has been interpretted from those features 
that another system of folds may be superimposed on the earlier 
set, not distorting the first, but rather occurring as a response 
to the closer proximity of these rock units to an intrusive body. 

ROCK UNITS 

A ~ariety of metamorphosed volcanic, volcanoclastic and sedimentary 
rocks are observable down DDH B-2, along with later unmetamorphosed 

• igneous intrusive units. The greatest volume of rock is composed 



of meta-agglomeratic units and andesitic units. Porphyritic flow . 
phases and intrusive phases are also present, and those such as 
ones occurring at 355-363 feet or 395-400 feet appear to correla
table to similar rocks in DDH B-1. Intervals from 390-395 feet 
and 525-560 feet are fragmental in character, of felsic nature, 

and may be rock units termed "millrock." 

Other rock types making up significant, but lesser portions of 

the Bection in this area are ash flows and greywackes, both meta
morphosed, as well as later dikes (Larnprophres) and fresh biotite 
diorite intrusive at 1113-1131 feet. 

SILICATE MINERAL ASSEMBLAGES 
The mineral assemblages which dominate the length of DDH B-2 are: 
1.) oiotite-chlorite-sericite, 2.) biotite-sericite-epidote, and 

3.) biotite-chlorite-epidote, although short intervals in which 

any two of chlorite, sericite, epidote, or biotite co-exist exclu
sively were noted. One interval exceptionally rich in chlorite 
resulting from the retrograde metamorphism of biotite has been re
corded at 930-1040 feet. Between 1180 and 1185 feet a very fine
grained metamorphic mineral resembling garnet was observed. Petro
graphic study would be needed to confirm the identity of this red 
mineral. 

Table 1 lists the dominant minerals present in various intervals 
down the hole. Greater description of the mineral relationships 
are available in the DDH B~l core-logging report. 

ORE MINERAL ASSEMBLAGES 
Sulfide. Pyrite, pyrrhotite, bornite, and chalcopyrite are the 
most commonly observed sulfide minerals seen in the B-2 drill 

core. Generally, pyrrhotite and bornite are the most common of 
the group and usually co-exist. The fact that those, rather than 
pyrite-chalcopyrite as in B-1, are the most common may be due to 
the higher:-·metamorphic grade developed in the B-2 core. 
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Footage 

66-124 
124-288 
288-338 

338-349 
349-365 
365-471 
471-496 
496-530 
530-612 
612-621 
621-693 
693-705 
705-726 
726-730 
730-855 
855-860 
860-864 
864-873 
873-876 
876-878 
878-915 
915-920 
920-930 
930-933 
933-1018 
1018-1026 
1026-1027 
1027_;1036 
1036-1060 
1060-1072 . 

1072-1075 
1075-1085 
1085-1100 
1100-1104 

TABLE 1. 

- 3 -

Mineral Assemblage 

Chlorite-sericite-epidote 
Biotite-sericite-chlorite 
Chlorite-sericite-epidote 

Chlorite-sericite 

Sericite-biotite-epidote-(chlorite 
Chlorite-sericite-biotite 
Chlorite-sericite-biotite 
Chlorite-sericite-biotite 

S~ricite-biotite-epidote 
Biotite-chlorite-epidote 
Biotite-sericite-biotite-epidote / 

- Chlorite-sericite-biotite-epidote 
Biotite-sericite-epidote 
Biotite-chlorite-epidote 
Biotite-sericite-epidote 
Chlorite-biotite-epidote 
Chlorite-sericite-epidote-biotite 
Sericite-epidote-biotite 
Biotite-sericite-epidote 
Chlorite-sericite-biotite 
Biotite-sericite-epidote 
Biotite-seric~te-chlorite-epidpte 
Biotite-sericite-epidote 
Chlorite-sericite-epidote-biotite 
Chlorite-epidote 
Chlorite-sericite-epidote 
Chlorite-epidote 
Biotite-chlorite-epidote 
Chlorite-sericite-epidote-biotite 
Biotite-chlorite-epidote 
Chlorite-epidote 
Chlorite-epidote-biotite 
Chlorite-biotite 
Sericite-biotite-epidote 



,e 

-

TABLE 1. (Cont'd) 

Footage Mineral Assemblage 

1104-1113 Biotite-chlorite-sericite-epid~te 

1113-1130 Chlori te-bioti·te 

1130-1160 Biotite 
1160-1165 Biotite-chlorite-epidote 

1165-1178 Chlorite-sericite-epidote-biot ite 

1178-1190 Biotite-sericite-chlorite 

1190-1223 Biotite-sericite 
1223-1226 Biotite-chlorite 

1226-1250 Biotite-sericite-epidote 

1250-1256- Biotite-epidote 

1256-1270 Biotite-chlorite-sericite 

1270-1277 Biotite-sericite-epidote 

1277-1295 Biotite-sericite-chlorite 
1295-1299 Biotite 

The interval with the highest total sulfide content observed was 

:from 1030 to 1072 feet. 

At 1146 feet a new mineral was first noted which has been tentatively 
identified as niccolite (NiAs), based on its association with pyr
rhotite and its observed physical characteristics. It was found in 
assay reports that the interval containing the mineral had ten times 
the concentration of Ni than the general nickel background concent
ration of less than 10 ppm. 

Framboids of pyrrhotite were also observed in the drill core from 
deeper portions of the hole.. These later-formed concentrations of 
iron sulfide occur on fracture and foliation surfaces and imply a 
biogenic input for the reduction of sulfur and sulfide crystalliza
tion. Another unusual morphogical feature of some of the sulfide 
minerals includes euhedral and subhedral pyrite cubes 1/8 to 1/4 
inches on an edge disseminated in a meta-agglomeratic unit from 
951 to 1006 feet. These are probably also late in the paragenetic 

• sequence. 
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Oxide native copper is by far is ~he major secondary oxide mineral, 

with traces of ~uprite present only at one point. The copper is 
present in small amounts on fracture and foliation surfaces near 

the top of the drillhole. Higher concentrations are localized at 

260 and 340 feet, and probably marks the position of earlier water 
tables. The last evidence of native copper is at about 500 feet. 

STRUCTURAL FEATURES 

Down DDH B-2 tbere were not so many top and bottom indicators as 
were observed in DDH B-1, possibly a result of the slightly higher 

metamorphic grade. However, two features were noted indicating 
structural complexity at Bromide. 

Very small (about 1-2" amplitude, l" wavelength) scale overturned, 
isoclinal drag folds were observed at 101 feet and 339 feet. These 
microfolds have an orientation similar to that proposed from evi

dence in DDh B-1. Since minor structures often times reflect re
gional trends, these small folds may aid in the understanding of 

' - the Bromide area. 

• 

In sawed sections of the core, in addition to the original bedding 
plane foliation, it became apparent that a second, less visible, 
preferred-orientation of platey minerals exists. The lineation of 
biotite, and occasionally chlorite, that does not coincide with 

bedding surfaces suggests a later, minor folding event, possibly 
associated with the intrusion of igneous materials nearby. 

A graphic explanation of this feature is shown in cartoon form in 
Figure 1. The interval of concern is between 422 and 425 feet. 
Because the vast majority of the core below this level is split 
rather than sawed, continuous monitoring of changes in this ·, L2 

lineation could not be accomplished. However, again at 1181 feet 
L1 and L2 were observed . 
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