east at a large angle to the younger Basin-and-Range trend, which
isnorthwest. The overall geologic relations suggest the fanglomerate
is of middle Tertiary age. _ :

The Helmet fanglomerate almost certainly correlates with the
Pantano formation of Brennan,® which has its type section about 25
miles southeast of Tucson. This formation is described as a thick
deformed sequence of conglomerate, sandstone, siltstone, mudstone,
and scarce argillaceous limestone, with intercalated andesite flows
which are lithologically like the flows in the Helmet. The pebbles
and boulders are predominantly of Cretaceous(?). arlose, sandstone,
and volcanic rocks. Boulders of Paleozoic limestone also are present.
Schwalen and Shaw (1957, p. 15-22) present evidence that beds like
the Pantano probably underlie the central part of the Santa Cruz
valley beneath the cover of younger alluvial deposits. The data
suggest that the Helmet and Pantano are essentially contemporaneous
and are continuous beneath the younger valley fill. The Helmet evi-
dently was deposited nearer the source than the Pantano.

In the San Pedro valley south of Redington (fig. 15), deformed fan
deposits have yielded a.lower Miocene rhinoceros. These beds
resemble the Pantano lithologically and are cut by dikes of andesite
macroscopically identical with the flows in the Pantano formation and
Helmet fanglomerate. ‘Boulders of the andesite in beds associated

with the deformed fan deposits south of Redington suggest that andes-

ite and these fan deposits are nearly contemporaneous (John F. Lance,
1958, oral communication). Tentative correlation of the Pantano, the

Helmet, and the deformed fan deposits seems justified. If this cor-

relation is correct, the Helmet fanglomerate is of early Miocene age.

APPENDIX A, pg. 5



HYPOTHESIS REGARDING DISPLACEMENT

The various suggestions of the direction of movement on the San
Xavier thrust are compatible with each other and are also com-
patible with an hypothesis regarding displacement, suggested by
cortain similarities in the geology of the Mineral Hill-Ilelmet Peak
area and of the area south of Twin Buttes. The hypothesis is that
the exposed part of the San Xavier thrust plate originally lay south
of Twin Buttes and has been displaced about 614 miles to the north-
northwest in the direction suggested by faulting of boulders in the
Helmet fanglomerate.

The hypothesis requires that prethrust rock units and structural

features exposed in the Mineral Hill-Helmet Peak area have their
roots south of Twin Buttes. To test whether this is probable or
possible, one must imagine that the thrust plate is restored to its
hypothetical source. If this is done, there is a crude match in the
following geologic features:

1. Tho anticline on Helmet Peak would correspond with the anti-
cline exposed in the isolated outcrop about 114 miles southeast
of Twin Buttes village. Drag folds suggest that the anticline
southeast of Twin Buttes plunges about 25° SE. The Helmet
Peak anticline plunges about 60° SE. (See table 5.) The
Palcozoic rock in the two folds is not greatly metamorphosed
and still contains recognizable fossils. The beds exposed in
the Helmet Peak anticline (Concha limestone, Scherrer forma-
tion, and upper part of Colina limestone) are stratigraphicaly
above those exposed in the anticline southeast of Twin Buttes
(lower part of Colina limestone and upper part of Earp
formation). ,

9. The Paleozoic rocks forming the hills near San Xavier would
correspond with those containing the Senator Morgan and Con-
tention mines. These rocks are much metamorphosed and con-

" tain the only significant concentrations of zinc in the district—

“at the San Xavier and San Xavier Extension mines in the
thrust plate and at the Contention mine in the hypothetical
footwall block.

3. The Paleozoic limestones of Mineral Hill would correspond with
those immediately south of Twin Buttes village. These lime-
stones are much metamorphosed and contain important copper
deposits—the Mineral Hill, Daisy, and Pima deposits in the
thrust plate and the deposits at the Minnie, King, Queen, and
Glance mines in the hypothetical footwall block.

4. The Paleozoic rocks at the Mission deposit (Richard and Court-
right, 1959, p. 201) would lie on the projection of the outcrops
of Paleozoic rock northeast of Twin Buttes village.

5. The Cretaceous(?) rocks south and southwest of San Xavier .

would correspond with those south and southwest of the Sena-
tor Morgan mine. These rocks include arkose on the northeast.
and andesite on the southwest, and they contain small vein
deposits of silver, lead, and zinc.

6. The Precambrian granite full of included material southwest of
Mineral Hill would correspond with that west and southwest of
Twin Buttes.

APPENDIX B, pge 1
San Xavier Fault



The two outcrop patterns do not match perfectly, nor should they

be expected to do so. According to the hypothesis, the bottom of the
thrust plate once matched with the footwall block along a shear plane
that was an unknown distance above the present surface of the foot-

wall block. To assume that the outcrop patterns should match per-.

fectly is like assuming that the surface geology over a mine should
match perfectly with the geology of a very deep level. Furthermore,
the thrust plate probably contains unknown imbricate thrusts, tear
faults, or other structural complications formed during the thrusting
and confined to the thrust plate; such structural features would tend
to obscure an original match. '

., |
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