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Geology & Cultural History of Ironwood Forest
National Monument-IFNM, Southern Arizona

INFM Parameters
Established 9 June 2000 - Exe. Order President W.J. Clinton
Land Mangement: Bureau of Land Management
Footprint: 188,619 acres (includes 59,922 acres non-federal lands,
chiefly State Trust lands, and minor private holdings)

Cultural features: 200+ Hohokam sites; historical mine-related sites

Current Uses: Recreation, cattle grazing, mining on pre-existing
mine sites

Threatened Species: Ferruginous pygmy owl, desert bighorn sheep,

lesser long-nosed bat, turk’s head cactus

Physiographic Features

Basin & Range Province, Roskruge Mtns., Samaniego Hills, Sawtooth
Mtns., Silver Bell Mtns., Sonoran Desert, Western Silver Bell Mtns.

Mining History

*  Predominantly in the Silver Bell Mtns.

*  Major Ore Deposit(s) type: porphyry copper
+  Ore: copper, lead, zinc, molybdenum, gold

The IFNM surrounds and partially encompasses the Silver Bell
metallic mineral district and either covers parts of or encompasses
the Waterman, Magonigal and the Roskruge mineral districts. The
most productive area has been the Silver Bell Mining District, where
active mining continues to this day, immediately southwest of the
monument, and by grandfather clause, on the the monument proper.

The Silver Bell Mmining District evolved from a collection of
intermittent, poorly financed and managed underground mining
operations in the late 1800s to mid-1900s struggling to make a profit
from high grade ores; to a small but profitable producer, deploying
innovative mining practices and advancements in technology to
successfully develop the district’s large, low-grade copper resource
(D. Briggs, 2017).

Production in the Silver Bell Mining District (Briggs, 2017)
Over the past 130 years, the Silver Bell mining district yielded

approximately 2.27 billion pounds of copper, 6.6 million pounds of
molybdenum, 3.7 million pounds of lead, 40.8 million pounds of zinc,
2,100 ounces of gold and 5.95 million cunces of silver. Copper mining
adjacent to the IFNM continues today, with minor production of Mo,
Pb, Zn, Au, and Ag.

Establishing what percent of production stems from the IFNM
requires: 1) precise footprinting of mines; 2) assigning production
values to properties on IFNM land.
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OF ARIZONA

Arizona Geological Survey | University of Arizona

Natural Resources Summary (5/2017)
Ironwood Forest National Monument

Ironwood Forest
National Monument

P, |

T EAST HALF
S xS anisae
W
pemlly

[R—
Jres—

wien e

oA
Sa=d
~
Mineral Districts of eastern Pima County. Yellow highlighted
districts are incorporated in part or entirely in IFNM (AZGS

B-196, 1985).

% Minerol districts in EAST HALF of PIMA Counly, Arzena
I Fiowre 13

The presence of gold ore in the Ragged Top Wilderness
Study Area (WSA) of the Silver Bell Mountains was first
announced by the US Geological Survey in Oct. 1988
(Spencer and Sawyer, 1988). A small gold rush ensued
with 45 new lode mining claims.

Concluding Statement. With the creation of IFNP in 2000,
exploration for additional copper mineralization was
discontinued on the monument. Exploration continues to
this day on mining claims on BLM lands in the Silver Bell
Mtns.




Potential for S80 billion in mineral wealth

Between Gap Tank and the Mammoth Wash [see next slide, red arrow at left] there are 8 porphyry centers,
including targets 3 or more on the Tohono O’'Odham Reservation

Recent very good compilation of past metal production spanning 130 years of the Silverbell mining district
allow comparison of the value per porphyry center now known from discoveries from the J.H.Courtright/K.
Richard Exploration Geology team. These allow a projection of what might be drilled out from the Briscoe-
Guilbert-Smith JABA Inc. (Liberty Star) discoveries using cutting edge exploration technology. Thus it is
estimated that the Briscoe team anomalies shown on the following maps in general terms total S80B in
potential mineral value of copper, molybdenum, silver, lead, zinc, gold and other metals that with new location
techniques might be byproducts or co-products within these geochemically indicated targets of the Silverbell
Porphyry Copper Project. However all mining projects have spin off monies from jobs, services, and
infrastructure needs, resulting in well-known multiplier factors. For large metal mines this factor is a $7x
multiplier. Thus for mine economic production of $80 billion X 7 then a lifetime cash flow to surrounding
communities of $560 billion over the lifetime of projected mines results.

It is quite likely that additional mineral discovery using similar methods that we applied here or even better
techniques with better technology in future years, within the boundaries of what is the Ironwood withdrawal
area.

The Silverbell Project known and projected alteration is about 25 miles long and 5 miles wide. It is along the
fault disrupted south margin of the Silverbell caldera first recognized in 1988. | think | know where the north
half of the circular caldera is but more study will be required to confirm my idea. We are interested now in the
shallowly buried remainder of the south half.

According to geochemist Shea Clark Smith, we mounted one of the largest geochemical if not the largest,
geochemical sampling campaigns of the time in North America, or perhaps the world exclusive of Australia.”

All the geochemistry was tested (our sample control) at the ASARCO North Silverbell porphyry copper ore body
with ASARCO’s blessing and permission., At the time of testing the North Silverbell orebody had been drilled
out, but not mined and had no disturbed areas. These control samples showed the same anomalies as the
sampling over the target areas. The North Silverbell porphyry center is now mined out.

The buried indicated targets resulting from our work are depicted in the following slides



- >
° Q $
©
o
Gap Tank

Project

JABA Inc. Properties
Silver Bell District

East Silverbell Project discovered by
cutting edge exploration technology
and partially drilled out by rotary
drilling techniques - indicates porphyr
j ike Silverbell ASARCO ore bodies

Fault

&

JABA - Cypru

JABA Properties

) Asarco Properties

> g Silver Bell Distn
} 71 Asarco Property 2.8 Billion Pounds of Coxper

J

% \
= Q ‘é\’%ej El Tirgide | ///%O

East Silver Bell
Project

Mammoth Wash Pro

3.5 mile left later.
North Silverbell Mtns. Associated with porphyry copper
mineralization to the south in the West Silverbell Mtns. Located by
sophisticated geology, geophysics & geochemistry. Porphyry copper

| fault offsets the Silverbell caldera identified in tldéxp | | Property
J. David Lowell

centers shown in approximate
&_eUp'pET'PUlpllyly rargets

L] Cap Il Property, J. David Lowel QQ Operating Asarco Copper Porphyry Mines

3-05-1998

MILES 4



. 147 | : B-208' = SB-200_ -~
Eiramice lig S ¥ ==

e

ESB-#5~ 1

s
=

ESB206 ¢ Eéa,zofﬂ )

—

DHAR7v
E5&204 e Jeshs

4
If
I SR ,K (S
7 & |
fo/ EBoe - Esaz%ﬁ{;
4 £ = -

Esazoo/ F  ESB-201

=\ ESB-143

N

\ ESB-141

BN . 5515 o e
ESB-288 Jw‘é SB.269 ; 4% ESB:
ESB1/98 +- ESBIO0 e . ESB—ZB?/ ,qé\zw : 4 ESB32
-/ése-we 4 e\ ‘Es&ﬂ% ez \ ESBQBK /ﬁ, 3 Ese%f;{ N S/B\SE'
¥7 b ,Ft.’ g\,// : AN ZASFFZ | r—\E\

\ ESBEI, w 1 .
< ESB—19>\ + Es&g&*ﬁ;ﬁgﬁﬁi sl ESBI239 252 gss p ESB 283 T\ 85326 \w E&;ﬁ
z| zﬁ N @ww v mm u—sssmmeme I* 3 ;?A i PLAN - . H 271}
‘ ‘- // .“ 0 ﬁg l?tidn JAB%SGBrogsg Mugn:!fc SurvssB 23? B ‘ &, SBQBQ)%KM E33281 S '§24 \\ /32
s “’ S 585708 e e - Mog Low surrounded Hy Mag High N ,' >~<J/ Muh \
. Jo4 EsB 1o 2
e i) | . - = . AN
fa ;
CentaY aF very, de
V_),tz;:_j I~ W e, |
- 1= 231 ESB-274
" /| sensitive magn
ESB-228 , ~a SBf229 ESB-272

, § represent sparp

 Tnferred chalcocitefenrichment 54 1.6 #_ Ll el | W | ,‘_ | N gl

27 body below 1,100'|from surface : 7y = ﬂg«“ S JABAPFGPQRY E(— ‘ \ \
Tl Qab : S804 _de  Esplos | | ESB268  es  ESB2SO ESgarz) o | ESHAT
' e i i s S o e o £ e

)

A # 2z
7 ola| 4 ESB-267 ESB- 31 ~ “ESB-31
L1 il J‘ !

-
-
o oo

e w(,,gpss so sy ESBA0

&Y 3 / - Bell_Peak 15" Q
rookpore My s0000000 l S ‘ Altifude: 750 F1 MTC \ N ]
w ESB-174 9 ESBZ1 : ; ESB-262 =><ESBQ$&W Inferval: 2E BB = 'ESB-30
| i v | 1 Magnetic Inclination: 60° N R \¥
§ B! Eyapel ”' /7] 1/ Wagnefic Declinafion: F0E a_ TR
= T 1 A — | Ely Dote: lyag1969. =
- - L - Lllo) - ke - é L
Y 3 ﬂnd\ucad Polurizahon) lines ‘%_" Eob-1/2 EOb-1 I\:,/ / EOb-Z10 tbﬂﬁ'f*—— [=)a 509/ EOB-2b1 ‘ ES0=3Y
racted"by Valerie o Zonge Engineering— s 2 2 2
FL o T, b i T e 1- =i Avra Valley Road ! S5 @DHCAPI/S‘B.QH : 1
S\ S—— a4 e S5=p+ SB=2———T— SBT3
DESCRPTION OF MAP UNTS mlw&gm.mmmmm»mmﬁnm
Sawyer, D. A, 506, Gockogic map of e Shver Bel and Wee! Gver Bel Motnising, Souther Arzona ’-EUM I e i ey il v 8 oyt By
Sy 8 o e L T i
. iy WEEECTERT e nm e T T
- T
EEETEES = e | SETIITIITE )y e s e e st e o o T _
=] ! o e Sivr: Boll MO East Silver Bell Phase 1 Drilling Map
T v o . - e S s gt oy S 116 0 e pait by e Vi - A Y bt o 55 s Sho e Eas nd Welomen Pock 7.5 min 4
W = copcrill L oo bl = B -ty v e 0 0 4 ’murusnmum-.uu-uuu-mmwum- ""’f‘"’m:a cm o J to Accompany J.A. Briscoe Letter Report
Pr— -...mw-..-.-nm.--- ety ooy Ty el g gy -oron This progrom is thought to be funded by Kennecott Explorotion. e 1996 VB, RIM to Arthur Troup, August 6, 1998
+ LT 8 Dl byl HCD o A B e 06 et 5 @ 199 UGS OFR-96-006 Somer, 4B 1998
T i D 0LSBE e b s ot ey o e oo . et v el bem e 1998 GMB, SGM
S oy DmmmEveR T W St e
i ks ek W s o e e b g Y ki ‘excpt tots deph s ol m-:,'uu.-b:'--w mn:iﬁ.-ﬂ bl ot e P-100-32 EsBGEOMAGﬁ |o.,'_“ ‘ml

Bira CAD Dyt
ce ;/



Mardee Briscoe,
Jim's Wife Jim Briscoe V.P. Mike Pence

) o
Iy M\ -
e |

wsws =

EILE G- RIS RS =
- ——— e ——— - ‘_ -
S B e L T e e e R e It




254 Soil Samples Collected
Analyzed for 15 elements

SAMPLE LOCATION

EAST SILVER BELL
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MOLYBDENUM IN SOIL

EAST SILVER BELL
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The ensuing plots [slide 9 — 15] of various metals include molybdenum, copper, lead, zing, silver,
gold, and other less well known metals. As shown, these plots are characteristic of all porphyry
copper systems at Silverbell, and world wide probably mineable by appropriate methods,
potentially including in situ, open pit, or underground. IT IS CLEAR THAT THIS AND OTHER
ANOMALIES PRESENTED HERE ARE PORPHYRY COPPER SYSTEMS.

MOLYBDENUM IN SOIL

EAST SILVER BELL

JABA (US) INC.
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COPPER IN SOIL

EAST SILVER BELL

N
0'/ AN 0'/ A
W) »,.%},

N
o

N
40@
A
AV

1)

N
e

JABA (US) INC.

EAST SILVER BELL

SOIL SURVEY: JULY, 1996
AUGUST 26, 1896

10

SHEA CLARK SMITH



LEAD IN SOIL

EAST SILVER BELL
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ZINC IN SOIL

EAST SILVER BELL
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Before this survey, silver was not expected in a different
position than copper, but related to control surveys, over the
north Silverbell ore body as well as the Lowell/Guilbert
porphyry model, this should be expected.

SILVER IN SOIL

EAST SILVER BELL

JABA (US) INC.

EAST SILVER BELL

SOIL SURVEY: JULY, 1996
AUGUST 26, 1996

SHEA CLARK SMITH
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A gold zone is present and shown and in all anomalies within all JABA/LBSR
discoveries. Gallium [see next slide] is associated with gold as shown in control
samples from the north Silverbell ore body. In our experience in testing porphyry

coppers in other areas over the last 25 years, we always see the metal associations
depicted in this presentation. :

GOLD IN SOIL

EAST SILVER BELL
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GALLIUM IN SOIL

EAST SILVER BELL
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This is a stacked aeries of
3 dimensional isometric
diagrams of the East
Silverbell porphyry
copper exploration area
that shows the graphic
representation of the
various scientific
exploration tools used to
pinpoint the porphyry
copper center and
proposed or completed
rotary drill holes.

Mag Anomaly

GEOLOGY

Initial Holes to |

MOLYBDENUM in
SOIL GEOCHEM

GROUND
MAGNETICS

MODELED IP @
250 Ft. DEPTH

MODELED IP @
1000 Ft. DEPTH

JABA INC., 5-18-98
JABA Valerie Gold JV Proposed Drilling
Sequence of East Silver Bell Project:

Perspective View Showing Geology, Aerial Photo,
Molybdenum Geochem, Ground Magnetics and Modeled IP results

Post-Mineral Volcanics

Y



Dr. John Guilbert working with J.
David Lowell co-developed the
Lowell/Guilbert Porphyry Copper
Model, still the scientific
standard in mining. Dr. Guilbert
is the recipient of mining’s two
most prestigious awards, the R.
A. F. Penrose Medal (1998) and
the D. C. Jackling Award (2001).

Pictured here:

Dr. Guilbert, Jim Briscoe, and
client, at the location of the first
drill hole.

VALERIE GOLD - JABA
EAST SILVER BELL JV

Asarco Oxide Pit,
SXEW Plant and

Flotation Mill North Silver Bell Mountains

John Guilbert,




These are graphic drill logs with
each element represented
quantitatively by color and width.
The green color is copper as Cu,S:
the mineral chalcocite undergoing
enrichment and destruction to be
deposited again below as a richer
blanket. The purple element to its
right is molybdenum, then lead -
white and then zinc in lighter
purple, then gold, then silver in
dark blue, antimony in light blue,
and arsenic in orange. All of these
elements appear to be undergoing
leaching and enrichment.

Unfortunately rotary drilling is
subject to poor sample quality for
a variety of reasons, so these
analyses may suggest a lower
quantity of metals than actually
present; further exploration is
required.




This hole shows similarities to the
last. Because the geologist
(inexperienced) logged all
intervals as oxidized we must
assume that the chalcocite zone
(Cu) is undergoing destruction to
be enriched at a lower level.
Again, most metals show
enrichment.

At the far right is a Core Board in
which cuttings including a coarse
fraction and a fine fraction and a
gold-pan concentrated fraction
are glued to a board giving the
geologist an overall view of what
the rotary drill is cutting. This
was invented by J. Harold
Courtright and Kenyon Richard -
the discoverers of Silverbell, and
long time geologists - world wide
for ASARCO.
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lllustration presented by Dr.
Spencer Titley and some of
his students. This principle
of chalcocite enrichment has
been known for many
decades, but apparently not
by all; a good illustration of
what is going on at the East
Silverbell Project. A large
diameter diamond core
drilling project will clarify
inconstancies present in the
rotary drilling, which indicate
copper blanket enrichment
but with problematic
accuracy.

If we can get rid of the
Ironwood Forest National
Monument, we can go back
to proving exploitable copper
deposits by modern means,
in the Silverbell mineral
zone, and perhaps
elsewhere in the current
national monument
boundary.

PROCESSES AND PRODUCTS OF SUPERGENE COPPER ENRICHMENT 159
A B C D
EARLY CYCLE LATE CYCLE SUPERGENE
PRIMARY LEACHING AND LEACHING AND PHYLLOSILICATE
MINERALIZATION ENRICHMENT ENRICHMENT ALTERATION
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Level
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FRACTURE ABUNDANCE } FT % Cu
NONTRONITE
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XK
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Figure 1. Generalized vertical sections showing relevant characteristics of:
(A) a hypogene profile through quartz-sericite-pyrite altered felsic igneous
rocks; (B) early stage weathering and development of early cycle enrich-
ment; and (C) late cycle enrichment. Column D shows locations of principal
phyllosilicate alteration phases across the profiles. Profiles B and C show the

JAROSITE WITH MINOR I PRIMARY
R oo GOETHITE ‘ MINERALIZATION

SUPERGENE SULFIDE Diagram modified from Anderson (1982)

with data from Koenig (1978), Marozas (1982)
and Titley (1978)

position of early and late supergene blankets with weathering of the first.
Data are generalized from the authors’ observations, mineralogical data of
Koenig (1980), a study at North San Xavier deposit, and the study of
Marozas (1982) at Silver Bell. No specific vertical scale is implied. Such pro-
files may range from 50 meters to several hundreds of meters in thickness.
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LIBERTY STAR

Combining Classic Mineral Exploration with

\ State of the Art Technology /

Stock Symbol: LBSR

Stock Exchanges: OTCBB, OTC Markets

James A. Briscoe, P. Geo. CA, AZ
CEO/President/Chief Geologist
JBriscoe@Libertystaruranium.com

Follow Liberty Star Uranium & Metals Corp. on
Agoracom Facebook Linkedin Twitter@LibertyStarLBSR

RISK FACTORS FOR OUR COMPANY ARE SET OUT IN OUR 10-K AND OTHER PERIODIC
FILINGS FILED WITH THE SEC ON EDGAR.

Tel: 520-425-1433 Email: info@LibertyStarUranium.com Website: www.LibertyStarUranium.com
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