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INTRODUCTION.

This paper 1s based on work done during the sum=-
mer of 1915, while the writer was a member of a field party
engaged in geological work in the vicinitftof Breckenridge,
Colorado. Through the kindness of lr. R. M. Henderson,
maneger of the Wellington Mines Company's property, permis-
8ion was secured to examine the underground workings of the
Wellington mine, the most important zinc-lead mine in the
Breckenridge district. Plans showing the location of the
principal drifts and stopes were furnished by Mr. Henderson,
and, with these maps as guides, the writer made quite &
thorough survey of the workings, determining, as far as pos-
8ible, the geology and mineralvgy of the mine. Many
spécimens of the country rock and the minerals were secured,
and intensive study was made of them in the laboratory dur-
ing the past winter.

The maps and structure plans which accompany the
paper represent in part actual facts and in part interpre-
tations based on evidence found in the workings. These
interpretations are d4soussed in the bext. In meny cases
evideqoe badly needed could not be obtained, because of
cavad_drifts or stopes, timbered walls, and~other_c§nditions
Which prevented free examination of actual relstions. Such

diffioulties are, of course, frequently met by the mining



geologist. They are mentioned here, not as excuses, but
merely to emphasize the statement that the structure of the
mine as represented is based largely on the writer's opinion.
and may be found erroneous by further development.
Concerning the real value of the descriptions and
suggestions contained herein, the writer is well aware that
the benefit to himself through having done the work is prob-
ably much greater than the benefit to others through the pub-
lication of the results. However, it may not be too pre-
sumhtious to assume that the paper will be of interest to
Some, since it aims to describe somewhat in detail a deposit
which in many respects is characteristic of a large grdup of
ore deposits found in the Cordilleras. If by chance any
part of the paper proves to be of help to the management of
the Wellington mine, the author will feel greatly flatteied

and doubly repaid for his work.
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LOCATION AND HISTORY OF THE IINE.

The Wellington mine is located two and one-half
miles east of Breckenridge, Summit County, Colorado, on the
north side of Trench Creek, a tributary of Blue River. The
location is just west of the Continental Divide, and has an
elevation of about 10,000 feet. The region has the rough
topography to be expected near the summit of the Rockies.
Streams have deeply gashed the surface, giving rise to steep
Slopes and high relief. High peaks rise on all sides.

To the southeast, forming part of the divide, are lit. Guyot
and Bald lountain, both reaching above 13,000 feet. Im-
mediately west of Breckenridge lies the Ten 1lile Range, with
its summit far above timberline. French Gulch is flanked
on either side by steep slopes. Prospect Hill, in which
the Wellington workings are located, rises more than 500
feet above the creek.

The property owned by the Wellington llines Company
comprises zinc-lead veins, part of which were first worked
nearly thirty years ago.  The old Oro mine began to pro-
duce in 1887, and the original Vellington was opened a year
or two later. The Oro, which was located nearvthehwest
end of the present holdings, was for several years the most
productive mine in the region. Both mines shipped only
lead ore, since at that time sphalerite was considered waste,
and smelters assessed e penalty for its presence in consider-

able quantity in the ors.



In 1902 the old Wellington and Oro were brought
together under an organization known as The Colorado and
Wybming Development Company. In 1907 the property was
transferred to the Wellington Mines Company, a corporation
capitalized at $10,000,000, the stock of which is held for
the most part in Kansas City, Missouri. This company
built a new mill, and rapidly pushed the development of the
mine. The present shaft has been sunk and the three lower
1evels‘estaﬁlished since 1909. Due to the high price of
speiter, work is now largely confined to the wvein richest in
zinc. The o0ld Oro drifts at the west of the property have
been abandoned. Only the workings shown in the accompany-
ing plan are considered in the descriptidns which follow.

During the past six years, 160,000 tons of ore
have been taken from the mine. The previous record is not

obtainable.
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GENERAL PLAN OF THE MINE WORKINGS.

Since in the following discussions it will be neces-
sary to refer to various drifts, levels, and other features,
a general idea of the underground development will here be
given. Only those parts of the mine now in use will be
described in detail, but the general location and extent of
the 0ld abandoned workings deserve some mention.

The old Oro workings, which were mentioned above
and parts of which will be referred to again, are entered by
means of the Oro shaft. The collar of this shaft is about
200 feet east of the mill, and five feet higher than the Mill
tunnel. Accordiné to the company's maps. the shaft con-
nects with four levels, at successive depths of 116.5, 185.6,
245.8, and 323.8 feet. Main drifts on these levels extend
in a northeast-southwest direction, approximately parallel to
the present 11111 tunnel. The longest drift, on the first
level, formerly reached to a point 1,000 feet northeast of
the shaft. About 100 feet southwest of the shaft was the
portal of the 01d Oro tunnel, which was on a level with the
pregent 11111 tunnel, and which extended northeast, parallel
to the lower drifts. Thus there were five Oro levels, con-
necfed by raises and stopes. A large part of the ore se-
cured in this section of the mine is reported to have come

from stopes above the first shaft level. At the time the

writer visited the mine, part of these workings were full of



water, part were badly caved, and none were being developed.
Hence, no attention was given them, except that one drift
was entercd by means of a raise from the fourth X-10-U-8
level. A map of the underground workings. showing their
relation to the present development is to be found on Plate
XXVIII of Professional Paper No. 75. It was not consider-
ed worth while to copy the plan in this paper.

The original Wellington mine may still be entered
by the 0ld Wellington tumnel, the portal of which is some
600 feet north of and 240 feet above the X-10-U-8 portal.
The tunnel is practically parallel with the X-10-U-8 cross-
cut, and sends out right and left handbdrif%s, which were
stoped upward on the ore bodies. Only assessment work is
being done there at the present time. A direct connection
with the X-10-U-8 level formerly existed by the Iron raise,
wvhich followed the Iron vein; but this opening is no longer
in condition to be used. The old Wellington workings are
a8lso mapped on Plate XXVIiI'of Professional Paper 75.

There are other old superficial workings, consist-
ing mostly of short tunnels and shallow shafts, on the Wel-
lington property; but practically all are in bad condition,
and could not be oxamined thoroughly when the mine was
visited.

The mein entrance to the present workings is by
Way of the X-10-U-8 tunnel, the portal of which is 1,650
feet northeast of the mill. This tunnel, which is a



straicht crosscut running N 25° W, sends out drifts on the
intersected veins. These workings constitute the present
first level. At a point 600 feet from the portal, a shaft
is sunk at an ineclination of about 60°, corresponding to the.
dip of the Wellington -vein. This shaft gives access to the
lower levels by a ladderway, and also by means of skips, op-
erated from a station 1ocated'as shown on the map. The
lower levels, of which there are four, lie at successive
depths of 86.2, 186.6, 320, and 450.3 feet below the X-10-
U-8 level. The second level connects directly with the
mill through the IMill tunnel, in which a track runs from the .
mill to the shaft. A branch track follows the Orthodox
drift and connecting crosscuts to the Great Northern work-
ings. Practically all the ore goes to the mill over this
track by means of mule trains. Where the principal ore
bodies occur the levels are connected by stopes. Ore taken
from the stopes above the second Oro level is loaded direct-
ly in the mule trains from chutes. . That secured in lower
workings is sent in cars to the shaft, raised in skips, and
loaded from a chute beside the shaft. The waste taken out
above the second level also goes through the mill tunnel'to
the dump; but that taken from lower in the mine is raised to
the first level and sent out through the X-10-U-8 tunnel.
Formerly some ore also came from this tunnel and reached the
mill by means of an electric tramway; but, though the track
8till remains, the framway is little used at the present

time.
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Besides the two adits mentioned, there is another,
the Brown tunnel, the portal of which is some 300 feet east
of and a few feet below the X-10-U-8 portal. This tunnel
is a straight crosscut running aimost north and conneeting
with a stope of the Great Northern vein slightly below the
first level. This crosscut is part of an o0ld property and
is now used by the miners merely as a convenient way of
reaching work in the Great llorthern stope.-

Considerable timbering has been found necessary in
the mine, In part, drifts are in self-supportint rock,
requiring little timbering; but in many piaces broken ground
is encountered both in the main drifts and in the crosscuts,
calling for tunnel sets and, ocuite frequently, lagging for
walls and roof. Stopes‘are kept open merely by stulls to
support the hanging wall, which seldom requires more than
such simple timbering.

Water occurs in places on all the levels. It is
most abundant, of course, in the lower drifts. The wettest
pért of the mine is at the western end of the fifth lewvel,
where the drift penetrates shale. It will be noticed that
this is very near the Oro shaft and connected drifts, which
are full of water. To keep the mine clear, a large pump
has been installed at the bottom of the shaft, and this is
aided by smaller relay pumps on the third and fourth levels.
Last summer these pumps, running continuously, were lifting
130 gallons per minute. The water is expelled through the
Mill tunnel.
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It is not the purpose of this paper to go into de-
tail coucerning the handling of the ore taken from the mine.
A Tew general statements will suffice. All of the ore now
secured is concentrated before shipping. Two mills, one
of 115 tons capacity using wet methods and another of 55 tons
capacity using dry methods, stand near the portal of the I1ill
tnel. The wet mill is ecuipped with Jjaw crusher, rolls,
screens, ball mills, jigs, and Wilfley tables, while the dry
mill uses a roaster and a magnetic separator. Concentrates
from the jigs, containing 40 per cent or more of zinc, are
shipped to eastern smelters. Lead concentrates are sold

to the Chamberlsin-Dillincham Ore Compeny.



GENERAL GEOLOGY OF THE REGION.

Breckenridge lies in that northeast-southwest belt
of Tertiary monzonite intrusions which reaches from Boulder,
through Georgetown and Leadville, to the San Juan region.

In the Breckenridge gquadrangle, the intrusions broke into a
series of thick llesozoic sandstones and shales, which lay on
a pre-Cambrian basement. The geologic succession is as
follows:
Upper Cretaceous shale (llancos?) . . . 5,000
Dakote sandstone (chiefly ocuartzite) . 400"
Trigssic sandstone (Wyoming) . . . . . 1,000°
Pre-~-Cambrian complex
The sediments have been folded and faulted, and now lie tilt-
ed at many ancles but dipping chiefly to the northeast.
The beds are irregularly cut by monzonite porphyries, the
predominating surface rocks of the region, which occur as
dikes, sills, and large masses of indefinite shape. Is-
olated bodies of sandstone and shale are frecuently found
forming inclusions in the igneous rock.

Crustal disturbance did not cease with the Terti-
ary intrusions. Later fissuring and faulting have affect-
ed both the sediments and the porphyries. An important
System of fissures extends in a general northeast-southwest
direction and includes nearly all the principal mineral veins.
Lead-zinc veins on both sides of French Gulch as well as gold

veins in Francomb Hill have a northeast strike. Another
mein figssure system has a north-south trend, and minor sys-

tems strike in wvarious directions. Considerable movement

has taken place along some of the fissures.
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GEOLOGY OF THE IINE.

Introduction.
A discussion of the Wellington mine is given by
Ransome in his professional paper on the Breckenridge mining
district.* At the time Ransome's work was done, however,
only two levels were being worked, and the vein which now
furnishes most of the ore was hardly kmown. Extensive
development since that time serves to give a better idea of

the geologic relationships and the extent of the veins.

1. The Rocks.

Three types of rock are recognized in the under-
ground workings of the mine. These are diorite porphyry,
quarfz monzonite porphyry, and shale. A metamorphosed
member of the Dakota formation is also encountered at one
point ‘in the Brown tunnel, but is not near an ore body, and
appears in no other part of the mine. The diorite is the
bPreveiling country rock. It forms a large, irregular mass,
cut by small bodies of quartz porphyry, and shows in s number
of places intrusive contact with the shale. Purther re-
lationships will be dealt with later. Each type of rock

will now be considered in detail.

*"Geology and Ore Deposits of the Breckenridge District,
Colorado,"” by F. L. Ransome. Professional Paper No. 75,

United States Geolcgical Survey.



14

The diorite is cuite evidently a facies of the
monzonite porphyry which is the prevailing igneous rock on
both sides of ¥rench Gulch. As usually encountered in the
region, it is a distinct porphyry, consisting of a dense
gray groundmass containing small but easily recognized phen-
ocrysts of hornblende and biotite, There are, however, a
great number of variations in the rock, ranging from a light-
colored phase with phenocrysts forming a considerable per-
centage of the whole to a dark,_densq‘variety which, on mega-
scopic examination, one is tempted tobcall a basalt. Al-
though many of these gradations are found in the mine, the
fresh rock encountered is prevailingly fine-grained, dark,
and without conspicuous phenocrysts. Near the sulphide
veins, the dark color is never seen, for the rock there has
been altered and bleached by the ore-bearing solutions. In
erosscuts well removed from the veins, however, the original
dark color is always found. When the coarser-grained phases
of the rock are encounteréd, biotite frequently forms an un-
usually large percentage of the phenocrysts as compared with
the normal porphyry in the region.

Megascopically, the term diorite porphyry would not

be applicable to this rock. Study of thin sections, how-
ever, gives the following average composition for the fresh

porphyry:
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Primery essential constituents -
Plagioclase (andesine, albite, labradorite) . 60%
OTthOCIaS8E e.cievesssscscssssscccasascansance 5%
Hornblende ........;......................... 15%
Biotite +.vcceeseccscsosvcccocscessccssscses 12%
QUATHEZ ecoecesecesccscccasoscssccacsscscncnsnes 8%
Accessory constituents -
lagnetite (abundant, in small grains)
Apatite (& number of good heXagonai cross sections
and some longitudinal sections)
Pyrite (a few small grains)
Secondary minersls -

Xaolin (a Small cuantity from altered feldspar)

The cuartz monzonite pbrphyry is more distinctly
porphyritic than the calecic type. Unless it is badly al-
tered, it is easily recognized by conspicuous phenocrysts of
orthoclase and smaller phenocrysts of gquartz. Where alter-
ation has obscured or destroyed the orthoclase crystals,.the
quartz remeins unaltered and serves as a means of identifi-
cation. |

Megascopically, this porphyry shows avdense groupd-
mass, usually light gray in color, imbedding the cuartz and
feldspar phenocrysts. The orthoclase usually has perfect

crystal forms, those commonly seen being single crystals

and Carlsbad twins., A number of Manebach twins were also
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found in the region, but search for Bavenos was vain. . The
crystals range from a fraction of a centimeter to three
inches in length. Many of the smallest are plagioclase in-
stead of orthoclase. The ocuartz sometimes occurs as

rough bipyramids, but more often as rounded grains, which
range up to a centimeter in diameter. Occasional grains
of hornblende and biotite occur.

Slides of this rock studied by the writer were
all badly altered. The following composition of the fresh
porphyry is taken from Ransome:

QUATEZ oevoeoerencenes 24,427
0rthoclase ccececseses 23.91%
AlDite ecevesccosensss B30.39%
ANOTthite e.eeecececes 13.62%
DiopSide ceeseeccceees o425
Hypersthene .......... 1.82%
Magnetite seeeveeeeses  2,09%
Ilmenite eeeeecesscess L61%
ADPBLIte weveeeireneens  o34%

This compdsition is calculated from the chemical
analysis of a specimen teken in another part of the region.
However, the character of the rock is quite similar to that
found in the Wellington mine.

‘The shale in the mine is evidently the Cretaceous
shale found sbundantly in the region. Its color is dark
gray or bluish to black. It is always fine-greined, and
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frecuently it is cuite calcareous. Occasionally thin lam-
ination is present, but more often it is in massive beds and
breaks into blocks along joints, some of which may easily be
nistaken for bedding planes. Iluch. of the shale is a hard,
brittle rock, which rings under the hammer and is difficult
to drill. '

Under a high power microscope, the greater part of
& thin section of the shale still appears dense. Small
rhombs of calcite and particles of pyrite are scatiered

through the mass.

2. Structure.

General Statement.

The structure of the Wellington presents many dif-
ficult problems. With the sediments cut and wedged apart
by the intrusives, and the resulting complex intricately
faulted, it seems almost impossible to work out a detailed
Structure plan which is entirely satisfactory. In running
drifts, the miners pass suddenly from porphyry into shale, or
Vice verssa. Sometimes the contact is intrusive, sometimes
it is & fault surface. In the former case, the shale may
form an inclusion, floated up in the magma at the time of in-
trusion, or it may be part of a bed, still intact, but tilted
from its original position by the intruded material. Dikes
of quartz porphyry cut scross both diorite and shale. TFault



CROSS SECTION NO.1 (Slsi,PLATE 1)

+* /ﬂaZeyeZ 5

Verticael Scale.

e i
A)
A
\
s o
e \
x T+ e
\ ~+ -
i X
\ -
++1; + 7 3
L n
=X Lol
Sk + +
i =\ b G o
"t +
+ r;\ Al
+ = i
\
SEn e
+ i S
+ ooy Py ey
A) e —
A
+
+ ; i -
. i
\
B +
* iy +
\\ ;i
+
+ +WR 0%/ Oro Irift
+ + "X
+\+
+ N+ 4’4 _ZEVGZ
T
+
” k pee %
4 +
+ = 4 -
T 8% Level
s09° 290

PLATE 7




CROSS SECTION NO. 2 (SSSZ,PLATE 1)

i) i P el it

+

‘
100 g _A&g0

Vertical Scale

PLATE 8




CROSS SECTION NO.3 (8383, PLATE 1)

o
~

Vertical Scale

*_\
+ ¥ Level +] + + .
% - Q+ +
P
- és"
S +
X
+ ‘ 2 o s
+
2% eve/. N
¥ e
+ X ! &
FAE
+ |
)
& +
+ t i)
3% Zeyvel
+ +
+ + ar e
2 s
3y \
N Ny + e =
\..‘.\ £ \
R AT, )
. JAEa \
X s s 2% Zevel
RN i
: “\ %
AL iy + s
+ s \ s
G A e SO
e F A ORRER s #
s O
\ : \ U
e R \
=, \ +
+ . 5 +
+\, \
1& . 5% Level
ERgRD | S e +\+
\
/OL"' 2o’
PLATE 9




CROSS SECTION NO.4 (S,S,,PLATE 1)

o =
*
B +
A 2% Level
+
+ + A A
-+ “+
B
+ + ¥
+ %
o s5Y Leved
+ +
5
s
: :
Q /90 g0

Vertical Scale.

PLATE 10




CROSS SECTION NO.S,(S5SS,PLATE 1)

+
+ i %
+

+ +

-+

+
+
p +
Q 7 _2ge’
Vertical Scale

PLATE 11




18

rlanes, striking in various directions and dipping at many
angles, affect ell parts of the mine. In most cases move-
ments have been small, but frecuently where veins are inter-
sected the faults cause considerable annoyance.

Relations of Rock llasses.

In spite of the complexity mentioned above, how-
ever, the relations of the rocks observed on the surface and
in the mine drifts indicate at least the larger features of
structure, and malke w»ossible plausible soeculations as to
certain deteils. Reference to the geologic map of the
region shows the following surface conditions:

Running westward from the mill is a large area of
Dakota quartzite with practically horizontal bedding. This
is in intrusive contact with the monzonite porphyry which
outcrops on the surface of the greater part of Prospect Hill.
o other sedimentary outcrop is seen in the wvicinity of the
mine except a small exposuie of ouartzite about three hundred
feet east of the X-10-U-8 tunnel. The Brown tunnel reveals
an intrusive contact between this cuartzite and the porphyry.
Ilear the top of the hill a long, narrow cuartz porphyry dike
may be traced from Prospect Gulch to the top of Mineral Hill.
(Ransome maps the dike in three sections. It is really con-
tinuous.) o other rock wnits are exposed on the hill.

Ransome states that a tunnel near the mill, open
in 1908 but since closed, penetrated black shale for a dis-

tance of 300 or 400 feet to the face. He states further
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that the second Oro level in the vicinity of the shaft

(just southeast of the mill) is in shale according to the
company's old maps. Unfortunately the writer could not
verify these statements, since the old workings were not ac-
cessible when the mine was visited. It seems evident,
however, that there is considerable shale not far below the
surface to the east of the mill.

Referring now to the general plan of the mine and
to the second level plan, we see that the present fifth level
has been driven to a point which is horizontally less than
200 feet east of the mill, while the face of the fourth level
drift is only some 200 feet further east. The western 700
feet of the fifth level drift is in shale, which at its easb-
ern limit shows an irregular contact with the diorite. -No
othér shale is encountered in the eastward:extension of this
level. The western face of the fourth level drift is in
diorite. The writer climbed the raise to the o0ld second
level Oro drift, and followed it a hundred feet or more to
the west and several hundred feet to the east. Only dior-
ite was found. TMive hﬁndred feet eastward on the fourth
level. the drift pénetrates shale for 200 feet, and a spur
drift to the northwest is entirely in shale. Both contacts
are evidently intrusive. The beds dip to the northeast.
This body probably is an isolated'inclusion, though it may

be continuous with the larger mess found on the fifth level.
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The third level, as far as it runs west of the
shaft, is entirely in diroite, as are the second and first
levels. East of the shaft, shale is limited in amount,

It occurs on the second level in the footwall of the Great
orthern vein, apparently as an isolated body of small size,
and in the southeastern workings of the third 1e#e1 in a mass
which, though broken, is evidently of considerable siée.

The beds in this part of the mine have no consistent attitude,
the varying dips furnishing strong proof of the disturbed con-
dition of the strata.

We may now.attempt the interpretation of these
facts. Only the large body of shale on the fifth level
shows good evidence that it occupies practically its original
position. It lies in én unbroken mass, and the dip of the
beds is apparently consistent with that common to the sedi-
ments of the region - that is, to the northeast. Since
the fifth level drift reaches very near the position of the
Oro shaft, the shale probably is & continuation of that re-
ported in the Oro workings. Just how far eastward it ex-
tends we have no way of knowing; but, since its dip would
keep it below the fifth level east of the point where it is
last seen, we may assume that it continues beneath the dior-
ite for several hundred feet - in fact, that it underlies
practically all the present workings. Immediately both to
the east and to the west of this area, however, we find Da-

kota quartzite on the surface. This may be explained in



21

two ways, perhaps the most obvious explanation being that

the Wellington mine lies in a large downward-faulted block.
Such faulting, however, would involve displacement of at
least several hundred feet and the fault planes could hardly
escape detection. No trace of them wés found. loreover,
as noted above, the cuartzite nasses on both sides of the
mine are clearly in igneous contact with the intervening di-
orite. This fact, in connection with those discussed above,
suggests the following interpretation of the igneous history
and consecuent geologic relations:

The intrﬁding magma, forcing its way along bedding
planes of the sediments on either side of the Wellington mine
area, broke across the beds along lines indicated by the
quartzite exposures. The shale now underlying the Welling-
ton was little disturbed, there being no magms beneath it,
but the edges of the sediments on either side were forced up-
ward several hundred feet along the breaks. 'At a higher
level the lava gained access to the bedding of the shale,
forcing up the higher beds and forming the large mass of di-
orite in which the Wellington workings are located. Along
the bresks the ascending magme tore off and floated up masses
of shale of varying sizes. Such are the isolated bodies of
shale found on the second and third 1ev§1s. The shale pene-
trated near the west end of the fourth level may be arother
inclusion, or it may represent merely an irregularity in the

upper surface of the lower shale caused by the lava's bresking
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across the bedding. The cuartzite masses west of the mill
and east ol the Brown tunnel are probably not inclusions,
strictly speaking, but merely the edges of extensive beds
wedged upward by the force of the intruding material.

It will be seen that the general relations due to
the conditions assumed above would be similar to those caused
by the downward faeulting of a block extending from the mill
to the Brown tunnel. The hypothetiéal east-west cross
section on the next page will make the explanation clearer.
The sectiorn takes no account of the cuartz porphyry, nor of
the veins, faults, and other structural features. It is
merely an attempt to explain the general relations between
the diorite and the Cretaceous sediments. 0f course there
are many uncertein factors involved. Ve have no way of
knowing the horizon of the shale found on the fifth level.
In parts of the region not far from the Wellington the upper
Cretaceous shale has a thickness of some 5,000 feet. If
the magma which formed the diorite mass of Prospeect Hill in-
truded near the bottom beds of the shale, the greater part
of the latter was raised and has since been eroded at the
surface. In this case, only a thin section of the beds
remains beneath the igneous rock. On the other hand, if
only the upner beds were carried up by the magma, several
hundred feet of shale may be left below. The thickness of

the underlying quartzite is also hypothetical; and perhaps
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VWyoming sandstone lies between the Dakota and the Pre-Cambrian,
lloreover, the body of sediments shown intact may be cut by
sheets and dikes of considerable size. The section merely
presents a probable explanation of general conditions in the
depths of the mine. _

The cuartz porphyry is evidently younger than the
diorite, which it cuts in several parts of the Breckenridge
cuadrangle. In the mine, the quartz porphyry is encounter-
ed in only a few places, and then in comparatively small
bodies. The most extensive mass is penetrated on the first
level, northeast of the shaft, by the drift following the
Iron vein and by the crosscut to the East vein. The exact
limits of the mass are difficult to fix. Its eastern ter-
mination along the drift to thé East vein is about as shown
on the first level map, although the contact with the diorite
is concealed by lagging. On the south it is bounded by the
Pault vein except in the vicinity of the Wellington drift,
where both walls of the fault are in quartz porphyry. In
the long northeast drift marked "closed" Ransome reports di-
orite immediately east of the first short branch. This
drift was completely closed at the time of the writer's
visit. West of the Iron vein in the Fault drift, the twb
porphyries are in igneous contact. - In the first short
branch running west from the Iron drift, diorite was found at
the face. From there eastward quartz porphyry forms both
footwall and hanging wall of the vein to near the face of
the drift, where diorite is encountered. The branch drift

to the south is all in quartz porphyry.
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Evidently the porphyry mass described above is of
very irregular shape. . It lies partly within the X-10-U-8
fault zone, and has suffered shattering and shifting, which
may account for some of the irregularities. Judging from
what can be seen on the first level, however, one cannot feel
satisfied that the porphyry is part of a dike. Referring
now to cross section No. 4, it is seen that on the fifthA
level there is & narrow body of ocuartz porphyry, lying north-
east of the shaft. The possibility is suggested that this
occurrence and that on the first level represent & continuous
dike. A line comnecting the two bodies is nowhere inter-
sected by an accessible drift, though some of the third and
fourth level drifts pass near it. Hence, there is no direct
way of confirming the suggestion, The writer has tested
the relation, however, in the following way: Assuming that
the bodies are parts of a dike, it must dip to the south at
an angle of about sixty degrees. Projecting it to the sur-
face at this same angle, it there coincides exactly with the
outerop of the long northeast-southwest dike near the top of
Prospect Hill. Thus, we have good circumstantial evidence,
not only that the porphyry messes on the first and fifth
levels belong to a dike, but that they are actually parts of
the long dike exposed at thé surface.

Now referring again to the first level plan, we

may wonder that no further evidence of the porphyry dike is
seen}to the west of the X-10-U-8 tunnel, The west end of
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the Tault vein lies entirely in diorite. The extension of
the X-10-U-8 tunnel north of the Tault vein was not accessible
when the mine was visited; but Ransome reports quartz por-
phyry near the tunnel face. A line drawh from this point
to the easternmost exposure of cuartz porphyry in the Iron
drift gives a course north of east which, in its western ex-
tension, does not intersect the Fault drift. This, then,
may represent the position of the dike on the first lewvel.
It is true that this course deviates a few degrees from the
general trend of the dike as exposed on the surface; but such
a slight irregularity is to be expected. The deviation is
not more than is found in some of the veins. he cuartz
oorphyry at the west end ol the Iron vein and along the
crosscut to the east may represent material forced into the
shattered roclt from the main figssure at the time the dike
was formed. A Imowledge of conditions in the extreme
northeast workings of the first level would be helpful in
connection with this problem, but the drifts are not access-
ible. In the workings west of the shaft on the lower lev-
els, none of the drifts extend far enough north to intersect
the dike. The small exposure of cuartz porphyry seen near
the west end of the main third level drift and also the sill
in the western part of the fifth level may be connected with
the dike, though they must be some distance south of it.

The other exposures of the siliciec porphyry are in
the southeastern workings on the second and third levels.

On the third level, it forms the hanging wall of the Great
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llorthern vein for a distence of nearly 300 feet. The
southeast crosscut penetrates the porphyry south of the vein
and reveals shale behind it, ‘ndicating that the isneous

rock forms a dike some twenly feet wide. To the east of
the crosscut, the porphyry finally crosses to the footwall of
the vein, and then disappears. About 100 feet west of the
crosscut the porphyry suddenly disappears in the hanging
wall. Apparently faulting has aflfected the vein at about
the saixe point; but the same faultiné cannot be made to ex-
plain the disappearance of the porphyry, for the vein is
found, displaced only a few feet to the north, with shale in-
stead of porphyry in the hanging wall. e might assume
that a fault, occurring before the formation of the vein,
displaced the dike to the south; but if this is the case the
displacement was considerable, since the southeast crosscut
farther west does not f£ind quartz porphyry. It is more
reasorable to supvose that the dike ends at the point where
it is last seen in the hanging wall.

Following the Great llorthern stope upward from the
third Jevel, the porphyry remains in the hanging wall to the
gsecond level, where it occurs in both hanging and foot walls,
As shown by the map, however, the rock has no large extent
on this level. Evidently it does not continue far in the
footwall, for no ftrace of it can be found in the stope above

the second level, and on the first level the vein is wholly
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in diorite. Cross section No. 5 interprets the second and
third 1éve1 porphyry as belonging to the same dike, which is
continuous with & dike found intersecting the Brown tunnel
just south of the Great llorthern vein. The small body in
the footwall on the second level represents merely a local
thickening of the dike. |

Another occurrence of quartz porphyry is found on
the third level, intersected by the long southeast crosscut
about 100 feet south of the Orthodox vein. At its north-
west limit it is faulted against diorite. The mass rises
to the southeast, showing an irregular intrusive contact with
the shale, and finally disaﬁpears in the roof of the cross-
cut. This porphyry is shown in cross section No. 4 as hav-
ing some connection with the dike described above. Just

what this connection is can only be surmised.

General Features and Relations of the Veins.

Seven principal veins are recognized in the present
Wellington mine. These are the Wellington, Orthodox; Great
Northern, East, Fault, Iron, and Spur veins. In the sum—k
mer of 1915, ohly two of these, the Wellington and Great
Nor;hern,;were being worked; but the others were accessible,
at least in part, and some examination was made of all.

’ The veins fall into two groups according to the
directions in which they extend. The Wellington, Iron,

and Great Northern have a decided northeast strike, and hence
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appear to belong to the principal fissure system of the region.
The others belonz to an intersecting system extending more
nearly east and west. All of the veins dip toward the south
except the Orthodox, which, on the upper two levels, is al-
nost perpendicular. At greater depth, however, it changes
direction, assuming a southward dip.

A1l of the veins may be classed as fissure veins,
each showing fairly well-defined footwall and hanging wall.
liearly all show that they have been planes of movement either
before or after mineralizstion, since well developed slicken-
sides occur in places on the walls. No vein is uniform in
width for any considerable c¢istance, but swells and pinches
frequently along both the strike and the dip. The moximum
width is perhaps 15 or 16 feet, the.averége beiﬁg'very much
less. In stopes, the space between walls ordinarily veries
from 3 to 12 feet.

The main Weilington vein apnears to be the most con-
sistent‘both in extent and in direction. Under different
names, ‘%t has been followed more than a quarter of a mile
along the strike, and at least 700 feet along the dip. The
unusual consistency of the dip is shown by the fact that the
incline shaft, descending in & straight line at an angle of

about 60°, hardly loses sight of the vein between the first

and fourth levels. The strike varies somewhat along its

course, but averages 450 to 500 east of north. Workable
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ore occurs in swellings of the vein, which pinch out, giving
place to barren or lean stretches. The positions of the
principal ore bodies are indicated on the maps of the dif-
ferent levels.

Referring to the general plan map, it is seen that
the fourth level drift near its western extension does not
run consistently with the drifts above and below. At its
face, the fourth level tunnel lies almost directly above the
Tifth level tunnel. This cannot mean & change in dip of
the vein, for on both levels the dip is about 60° south.

The most probable explanation is that the western 400 or 500
feet of the fourth level workings follow a branch of the
mein vein. Ransome states that the old Oro workings are
apparently on & fork of the main vein, the northé;n branch
being followed by the Mill tunnel. As noted above, the
second Oro level is reached from the western end of the
fourth X-10-U-8 level by climbing a raise, which follows the
vein, 'Hence, the western end of the fourth level is with-
out doubt following the branch of the #ein formerly worked
by the Oro shaft. The point of junction with the northern
branch was not seen; buf evidently it occurs near th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>