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Figure 2. Portions of turbine stators, first through fourth stages.
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Figure 3. First-stage stators.
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Figure 4. Turbine blades and housing.
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Figure 4. Turbine blades and housing.
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Figure 5. Turbine blades, first through fourth stages.
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Figure 6. Turbine temperature probe.
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Figure A1. First-stage stators.
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Figure A3. Turbine blades and housing.
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Figure A4. Turbine blades, first through fourth stages.
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Figure A5. Turbine temperature probe.
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SECOND, THIRD AND FOQURTH STAGE STATORS
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TURBINE BLADES/HOUSING
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C-130 (AIRCRAFT #24ST) ENGINE DAMAGE

This chart summarizes the engine damage and repairs that were necessary. No. 4 was the
first engine shutdown followed two minutes later by engine No. 2. No. 4 was the starboard
outer engine and No. 2 the port inner engine. The aircraft returned to McChord on engines
No. 1 and No. 3. Post-flight examination revealed that engines No. 4 and No. 2 which were
shutdown required complete replacing as did engine No. 1. In these three engines, the com-
pressor suffered heavy erosion and the turbines suffered over-temperature damage. In many

places the turbine blades and stator vanes were badly burned or melted. Engine No. 3 was not

gquite so badly damaged. The compressor suffered light erosion and the turbines suffered some

over-temperature damage. This engine was repaired by replacing the turbine and fuel control

unit.
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C-130 (A/C #24ST) ENGINE DAMAGE

1 2 3 Y
ENGINE # P.0, p. L. S.I. $.0,
COMPRESSOR HEAVY HEAVY LIGHT HEAVY
EROSION EROS ION EROSION EROSION
TURBINE OVERTEMP BLADES/VANES OVERTERP BLADES/VANES
DAMAGE BURNED DAMAGE BURNED
REPAIR ENGINE ENGINE TURBINE " ENGIE
REPLACED REPLACED AND FCU REPLACED
REPLACED

NOTE: PHOTOS WERE FROM ENGINE #4

DURING ASH ENCOUNTER #4 ENGINE WAS SHUTDOWN
FIRST FOLLOWED 2 MINUTES LATER BY ENGINE #2



MT. ST. HELENS ASH

An analysis of Mt. St. Helens dust taken some time after the first explosion but prior
to the May 25th incident was made by the Boeing Company and this chart summarizes those
results. The particle size distribution was obtained from ground samples some hundred
miles from Mt. St. Helens. It should be noted, that in general the particle size does

not exceed 50 microns.




MT. ST. HELENS ASH
BOEING REPORT MAY 1980

¢ ABRASIVENESS - HIGH, APPROXIMATELY 6 ON MOH SCALE (QUARTZ = 7. DIAMOND = 10)

e TEXTURE
- RESEMBLES TALC

o ACIDITY
- GROUND SAMPLES NEUTRAL (PH 5.2 - 6.8)
- SAMPLES FROM 55,000 TO 60,000 FT HIGHLY ACIDIC (PH2)

o CONSTITUENTS
MAJOR: Si1, AL, K, Ca, Fe, Cu, O
MINOR: Ti1, S, (1

TRACE: FL
¢ PARTICLE SIZE DISTRIBUTION (GROUND SAMPLE 100 MILES FROM MT. ST. HELENS)
MICRONS PERCENT
<5 /0
5-15 28
15-25 1.4
25-50 0.3

>50 TRACE




PRESSURE, TEMPERATURE AND VELOCITY DIAGRAM
T-56 ENGINE

This chart shows the velocity, total pressure, and total temperature through the C-130
engine. The chart (supplied by the Industrial Division of Allison), as was discussed in prior

briefings, shows that in the primary zone of the combustion chamber close to stoichiometric

temperatures with a maximum of 3800°F occur. Mixing then takes place giving a turbine inlet

=y temperature of 2000°F. The values are typical of a 1952 vintage engine.
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ENGINE GROWTH TRENDS

This chart shows aircraft engine growth trends.

Test points and scheduled test points are
shown.

By 1972 engines with 2300°F turbine inlet temperature were being run.
2700°F by 1976 and currently temperatures of 2900°F are being considered.
intensive cooling of both stators and turbine blades is necessary.

This grew to
In all these cases,

The complexity of the
cooling systems is shown by the photograph of a typical stator and turbine blade in the top
right hand of the chart.




ENGINE GROWTH TRENDS
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TURBINE BLADE COOLING TECHNOLOGY

This chart shows the growth in cooling technology for turbine blades. It should be

noted that the maximum metal temperature which can be tolerated is around 1860°F with the

best modern materials. With turbine inlet temperatures approaching 2900°F this means that

extensive cooling is required. The turbine inlet temperatures approaching 2900°F this means

that extensive cooling is required. The turbine blades thus grew from simple through passages,

as shown in the 1968 extruded blade to complex passages with shrouding of the tips and film-
cooling of the late 1970 blades.
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TYPICAL COOLED TURBINE BLADES

Temperature distribution

°F
[ e
16562
1742

[ 1%
1652
_‘] 1472
1562

[;;;] 1382
1472

coohing

*C
950

900 950

850 300

800 850

750 800

<750

|-|382

1979
Mutt: pass cast
DS blade HP & LP
teed extensive film
cooling

Extruded blade HP 8 LP feed
Suctton surface & pressure surface
film cooling

Extruded blade LP teed. Suction

surface & pressure surface hlm
cooling

Extruded blade LP teed Suction
surface cooling

Extruded blade LP feed no film




GLASSIFICATION POTENTIAL

In order to appreciate the glassification potential and its application to the engine
growth trends of the prior two charts, this chart is updated from the prior briefing and
shows that there is a broad temperature range over which common materials could be readily
glassified into reasonably low viscosity liquid. Such glasses would adhere to metallic
surfaces and form sticky films in the boundary layers on the cooled turbine stator and rotor
blades. They would probably be manifested as deposits on the stator blades but not on the
rotor blades since centrifugal force would be sufficient to keep the rotor blades clean.

For example, an alumino-silicate glass similar to Mt. St. Helens would be a semi-liquid at
about 2400°F and would be quite sticky at about 1900°F (the maximum allowed cooled blade
metal temperature). This obviously could result in permanent deposition with buildup in low
gas velocity regions. With the many complex cooling holes and passages of the modern blades
this could result in blockage of the cooling passages with attendant overheating and failure
of the subject blades. This chart also demonstrates the more difficult requirement for

quartz to result in glassification as discussed in the previous briefing. Thus, the relevance

of the engine specification (which requires crushed quartz for erosion tests) to glassification

is still questionable, even for the more modern engines.
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AIRCRAFT ENGINE DUST INGESTION PROBLEM
FIRST, SECOND AND OVERALL PROGRAM PLAN

At the request of Dr. Cooper, a full test program was structured. This test program was
discussed with Dr. Mike Dunn of Calspan and is divided into three phases. Phase I is shown
in chart 20 and Phase II in chart 21. Phase III is not addressed here but this would be
a full engine test program. In Phase I, it is suggested that the problem be defined in
greater depth clarifying some of the unknowns by simple lab tests. Further work is currently
being done to structure the simple lab tests in detail. Some of tasks outlined in this first
year program plan have already been attacked. Thus, for example, further studies of the
Mt. St. Helens environment have been carried out, preliminary work has been done on the
chemistry of the Mt. St. Helens particles and data has been gathered on the expected increase

in desired top temperatures of modern turbine engines. Phase II would essentially extend the

£ experimental testing to actual engine combustion chambers. The exact scope of this phase

: 5 would depend on the outcome of Phase I. The first two phases would normally be of one year

extent as shown in the upper schedule of chart 22. These two phases could be carried out for
a combined cost of about $410,000 as indicated and would proceed into Phase III for full scale
engine tests (if required in year three). It would be possible to accelerate this program
and go into full scale engine tests in tlie second year as shown in the lower schedule of
chart 22.
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ATRCRAFT ENGINE DUST INGESTION PROBLEM
FIRST YEAR PROGRAM PLAN

o OBJECTIVES (PHASE I):
1. DEFINE THE PROBLEM IN GREATER DEPTH
2. CLARIFY SOME UNKNOWNS BY SIMPLE LAB TESTS
3. PREPARE TEST PLANS FOR PHASE II

o FUNDING:
$160K

e TASKS:
V. EXAMINE RELEVANCY OF MT. ST. HELENS TO NUCLEAR ENVIRONMENT

- DETAIL ANALYSIS OF “wHY OID L100 (756°'s) HAVE A PROBLEM?*
- OVERLAY MAP OF OTHER ENGINE OPERATIONS IN MT. ST. HELENS ENVIRONMENT AND “WHY NO PROBLEM?®

2. ANALYZE ENGINE OPERATING CONDITIONS AND THEIR RELEVANCY TO PROBLEM
- GAS TEMPERATURES, RESIDENT TIMES, METAL TEMPERATURES, COAL BURNING PLANTS

- PARTICLE HEATING AND DEPOSITION THEORY
~ GLASSIFICATION EFFECT ON SURGE MARGIN AND BLOCKAGE OF COOLING PORTS

- EFFECT OF INCREASING DESIGN TOP TEMPERATURES

3. COMPARE MT. ST. HELENS PARTICLES WITH NUCLEAR CLOUD PARTICLES
- SIZE, SHAPE, DISTRIBUTION, CHEMISTRY
- FALLOUT PROFILES
4. CHARACTERISTICS OF NUCLEAR CLOUDS RELEVANT TO GLASSIFICATION AND EROSION
- CATEGORIZE MX AND MM SOILS
- INITIATE LAB TESTS (E.G., UNIV. OF NEW MEXICO)

5. DEVELOP CLOUD PATTERNS/SCENARIOS FOR ALCC (AND OTHER AIRCRAFT AS REQUIRED)

6. STUDY OF POSSIBLE FIXES
- BYPASS BLEED DOORS? OVER TEMPERATURE CYCLE? OTHER?

7. FORMULATE COMBUSTION RIG TEST PLANS AND SELECT SUITABLE SUBCONTRACTORS FOR PHASE 11
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ATRCRAFT ENGINE DUST INGESTION PROBLEM
SECOND YEAR PROGRAM PLAN

e OBJECTIVES (PHASE II)
1. CONFIRM EXPERIMENTALLY THE CONDITIONS FOR GLASSIFICATION BY USING A COMBUSTION TEST RIG
2. CONTINUE AND EXTEND SUPPORTING ANALYSES
3. PREPARE TEST PLANS FOR PHASE III (IF REQUIRED)

e FUNDING:
$250K

e TASKS:
1. DEFINE FLOW DIAGNOSTIC MEASUREMENTS/INSTRUMENTATION

2. CARRY OUT COMBUSTION EXPERIMENTS WITH SELECTED DUST SAMPLES AND CONCENTRATIONS TO DETERMINE:

- CONDITIONS FOR DEPOSITION

- RELATIONSHIP BETWEEN DEPOSITION PARAMETERS (TEMPERATURE, FLOW FIELD, PARTICLE SIZE AND
COMPOSITION, ETC.)

3. INVESTIGATE EFFECTS ON IGNITERS, TEMPERATURE PROBES, COOLING PORTS
- IF PROBLEM - HOW CAN IT BE REDUCED?

4, DETERMINE EFFECT OF FILM COOLING

5. [INVESTIGATE METHODS OF REMOVAL (E.G., TEMPERATURE CYCLING)

6. REVIEW EFFECT OF RISING DESIGN TOP TEMPERATURES

7. CONTINUE SUPPORTING ANALYSES

8. (IF NECESSARY) PREPARE FULL SCALE ENGINE TEST PLANS (PHASE III)

o 2y
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AIRCRAFT ENGINE DUST INGESTION PROBLEM
OVERALL PROGRAM PLAN

A. STANDARD PROGRAM (EASY)

ITEM YEAR 1 YEAR 2 YEAR 3 + $K
PHASE 1
1. PROBLEM DEFINITION 120
2. SIMPLE LAB TESTS 40
3. PHASE I1 TEST PLAN Y -
PHASE 11
1. COMBUSTION RIG TESTS 200
2. SUPPORTING ANALYSES 50
3. PHASE II1 TEST PLAN —
PHASE 111
FULL SCALE ENGINE TESTS | S §2m+
B. ACCELERATED PROGRAM (DIFFICULT)
PHASE 1
1. PROBLEM DEFINITION/LAB TESTS 175
2. PHASE I TEST PLAN A
PHASE 11
1. COMBUSTION RIG TESTS S “
2. ANALYSES 0
3. PHASE III TEST PLAN —a
PHASE 111
FULL SCALE ENGINE TEST F— - $2m+
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Appendix D

POSSIBLE LABORATORY TESTS TO DETERMINE THE
MELTING CHARACTERISTICS OF ROCK AND SOIL DUST
THAT MAY POSE A THREAT TO AIRCRAFT ENGINES

By

G. Rawson




INTRODUCTION
The purpose of these tests is to assist in determining if

the Defense Department needs to thoroughly investigate Vulnera-
bility of aircraft engines to lofted dust. The problem.was
brought into focus as a result of the May 25 eruption of Mt. St.
Helens in which .an aircraft suffered severe engine damage due

to the accumulation of melted dust (glass) on the turbine blades.
This experience serves only as a qualitative indication of a
damage mode which, potentially, could be more serious than those
engine damage modes considered previocusly (abrasion, oil contami-
nation, etc.). However, Mt. St. Helens dust is included in the
program so that the results can be related to the above-mentioned
experience.

The dust from Mt. St. Helens is largely volcanic glass (a
supercooled liquid with traces of minerals or crystalline matter).
It is expected to remelt to sufficient fluidity to flow at about
800° to 1000°C. This is somewhat lower than melting conditions
for most rock and soil particles. Very fine dust particles can,
however, experience rapid heat exchange. The temperatures within
parts of jet engines are sufficient to melt most minerals if
enough particle residence time is available for the exchange of
sufficient heat.

Small quantities of Mt. St. Helens dust, collected 200 km
downwind of the eruption, can be obtained from one of the resear-
chers studying the eruption. These samples would serve as a
particle size and shape reference, as well as a chemical and
mineralogical reference for the tests. Other Mt. St. Helens
material would be obtained and sorted to provide similar samples

should more material be needed for the tests.

PROPOSED EXPERIMENTS

The dust melting experiments described herein are designed
to bracket the dominant mineralogical and chemical assemblages
common to possible nuclear attack targets by an adversary (e.g.,
strategic facilities in remote valleys wihin the Western U.S.)
The tests are intended to be low cost, timely and preliminary

in nature, yet expected to provide sufficient data to allow

efficient assessment of the dust threat.
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Expected variations in melting characteristics for dust
from different soils and rocks will depend largely upon (1)
details of the mineral/chemical assemblage, (2) particle size
and shape, (3) amount of glass and water present, and (4) the
pressures applied with the heat upon the dust particles. Appen-
dix A provides a brief review of some rock and soil geochemistry
and past melfing experiments, which serve to inform the reader
and guide selection of the appropriate samples for these experi-
ments.

A fundamental particle size assumption proposed for these
tests is that the smaller one-third of the particle size distri-
bution for the samples obtained about 200 km east of Mt. St.
Helens represents dust that lingers and poses a threst tc air-
craft. This smaller one-third of the total sample would be
further split into the relatively coarser and finer fractions
(designated MSHC and MSHF). These two reference samples would
then be tested and characterized as follows.

1. Particle size and shape analysis using a scanning
electron microscope (SEM).

2. Major and minor element chemical analysis using
emission spectroscopy and X-ray techniques.

3. Determine the ratio of glass to crystalline fractions
using X-ray and optical methods.

4. Determine water content by weight loss upon heating
from room temperature to the partial melting threshold.

S. Conduct repeated furnace runs for comparison documen-
tation of temperature, melt fraction, apparent f£luidity
and other observations from initial partial melting
conditions to total fusion.

At selected temperature, based upon experience and the estimates
shown in Table 4 of Appendix A, cone-shaped samples would be
placed in the furnace and removed one at a time at regular inter-
vals. These runs are to document fluidity. Glass/crystalline




ratios would be determined and compared with Step 3 above. These
runs and the above-listed five steps would be repeated on all of
the test samples (Table 4, Appendix A). Modifications of the
runs would be made as experience iz gained to make the tests
efficient and yet provide definitive results.

The rock and soil types for these experiments and discussed
further in Appendix A are:

(1) *MSH - Mt. St. Helens volcanic glass dust
(2) *WSG -~ White Sands gypsum dust

(3) MC Montmorillonite clay dust

(4) *YVLS -~ Yucca Valley Lake sediments dust
(5) GMGS
(6) *MBS - Monterey (quartz)} beach sand dust

(7) ®MD - Ranier Mesa dolomite (carbonate) dust.

Gold Meadows granitic soil dust

Each type would be split into coarse (C) and fine (F) designation.
Very complete documentation of the four (asterisk-labeled) samples
should be made, :s these are considered most gfertinent to the
expected field conditions and experience that can be directly
linked to aircraft engine damage. Possibly two different types

of clay minerals having two different contents of water of crys-
tallization should be studied to help estimate the importance of
water content on changing the melting conditions of silicarce
minerals. The carbonate test may examine limestone (Caco3) and
dolomite [CaMg(COB)z] separately, and only examine sintering or
particle adhesion in the presence of melt since Ca0 and MgO are

so refractory.

Following is a listing of the estimated gquantities of the
various types of experiments and analyses.

1. Fourteen particle separation to MSHC, MSHF, etc.,
and SEM on each.
2. TFourteen major and minor element analyses.
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3. Ten heating and weight loss ( percent water) tests.

4. Fourteen determinations of initiation of partiél
melting.

5. Fifty glass/crystalline ratio determinations and
documentation of apparent fluidity on samples MSH,
WSG, YVLS and MBS.

6. Twenty glass/crystalline ratio determination and
documentation of apparent fluidity on samples MC-,
GMGS and RMD.

7. Approximately 150 separate furnace runs of one to
five samples at a time, at preselected temperatures.

Samples would be obtained in quantities of about 0.5 ft3

each and the unused portions retained for possible future tests,
such as actual jet engine damage studies. Locations where the
samples are obtained should be clearly documented for future
needs.
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Annex A’

A Brief Review of Rock and Scil Geochemistry and
Melting Characteristics

Since specific sites where dust might be lofted by nuclear
attack are not part of this proposed investigation, the brack-
eting of chemical/mineralogical variability requires an over-
view and generic approach. Table 1l is the approximate mean
composition of the outer earths crust. This approximates the
basement rock generally masked by a thin veneer of sediments
and soils. This composition can be viewed as the parent to
sediments and soils that form by its erosion, chemical alter-
ations and various forms of transport and redepositiqq.

Table 2 illustrates schematically those dominate categor-
ies of chemical partitioning that are associated with forming
sediments and scils from the various parent materials. Since
most regions derive material from a variety of rock types,
actual compositions can be quite different. In general,
however, siOz tends to be enriched where redeposition is on
or near land and carbonates and evaporates enriched where
deposition is distant from land. With repeated crustal
cycling, carbonates are commonly exposed within land masses
as well as the less soluable evaporates such as gypsum.

Thus, soils and sediments typically consist of sand, silt,
clay, hydrated iron, carbonates and sulfates (hydrated CaSQ,).

The Playa Lake sediments of Yucca Valley at the Nevada
Test Site (NTS) can be expected to be rather typical of the
processes of chemical partitioning shown in Table 2. The
surrounding region is gquite varied in rock type with volcanic
rocks, granitic rocks, carbonates, metamorphosed clays, etc.

The principle deficiency is the common enrichment of sio2 from
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sandstones. Sandstones are much more common in the Colorado
Plateau region than ia the Basin and Range province which
includes NTS.

In addition to the volcanic dust from Mt. St. Helens,
powdered cuartz is important to represent the extreme of
silica enrichment (Table 2a). Clay would also be an important
sediment/soil fraction (Table 2B). NTS Yucca Playa would
represent an intermediate case containing carbonates and
evaporates as well as clays, glass, silica, and numerous
other admixed minerals. Another intermediate class would be
decomposed granite or soil derived from granitic rock. The
carbonates can be represented by powdered dolomite and evapor-
ates by gypsum. Gypsum commonly forms in desert playas and
is the mineral forming White Sands, New Mexico.

An estimate of an average or "typical”" chemical composi-
tion for near surface sediments and soils within valleys of
the Western U.S. is given by Table 3. It is assumed the
valley £ill is formed f{rom altered and transported shales,
carbonates, sandstones, and basement rock. This produces
fragments of those rocks plus adsorbed and chemically bound
water, cléys, and evaporates. Clay is chosen to also represent
the composition of slatas and shales. Granodiorite is chosen
to represent the composition of basement rock. The estimated
compositions are shown with water not included and it is
introduced in the "other" column along with evaporates. The
proportions of the mixtures are shown that together have been
combined to estimate the typical Western U.S. Valley £ill
composition.

The puzpose of Table 3 is to illustrate common rock chem-—
istry and their weathered by-products and to guide selection
of arpropriate samples for the dust melting experiments.
Table 4 lists the recommended sample types and where they
will be obrained. A listing of estimated temperatures to
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accomplish substantial partial melting of these materials is
also shown. A review of rock and mineral melting or fasion
data was made to quide those estimates. Included as sources
of the supporting data are references 3 through 9. The values
reprasent melting conditions at low pressures (a few bars).
Increased pressure tends to increase the melting temperatures.
Increase water contents tend to lower the melting temperatures.
Most of the data are representing equilibrium conditions.
Significant departures are expected for the complex mixtures
of materials and nonequilibrium heating conditions.
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TABLE 1

APPROXIMATE MEAN COMPOSITION OF BASEMENT

(NONSEDIMENTARY OR SUPERFICIAL) ROCKs !t/ 2!

Elements Rock Forming Oxides
o) 46.60% 510, 59.12%
Si 27.70% A1203 15.82%
Al 8.13% F3203 + FeQ 6.99%
Fe 5.00% n_0 3.30%
Ca 3.63% cao 3.07%
Na 2.83% Na,0 2.05%
Mg 2.09% R,0 3.93%
g 2.59% H,0 3.02%
Other 1.43% Other 2.70%
100.00% 100.00%
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TABLE 2

CHEMICAL PARTITIONING RESULTING FROM WEATEERING AND OTHER
ALTERATIONS OF BASEMENT ROCK TO FORM SEDIMENTS AND SOILS

(MODIFIED AFTER REFERENCE #2 PG. 151)

2A. SILICA 2B. ALUMINOSILICATES IRON OXIDES |Ca, Na, K, Mg

Fe. O + B
si0, K [(510,), (1&1203)1’]z 203 eQ OXIDES
RESISTENT HEYDROLYZED ZYDRATED SOLUTION &
S10, TO REDEPOSITION
SAND &
STLT CLAY Fe(OH)3 / \
CARBONATES EVAPORATES
CB.CO3 NacCl
Camgco, caso,, ETC.
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TABLE 3

ESTIMATED CHEMICAL COMPOSITION QF NEAR SURFACE SEDIMENTS
AND SOILS IN VALLEYS OF THE WESTERN UNITED STATES

ASSUMED PERCENTAGES OF HOST ROCK FOR VALLEY TYPICAL
FILL COMPOSITION WESTERN
COMPO u.s.
SITION [~ Ay  |LIMESTONE |DOLOMITE |GRANQDIO-[ SAND- OTUER wufgy
RITE STONE PILL
37 8% 7% 254 10% 13
510, 64.0 1.5 8.0 65.5 93.0 - 50,0
Al,04 20.0 0.5 1.5 16.5 2.0 - 11.9
Fe,0, + FeO 5.5 6.5 2.5 4.0 1.0 - 3.4
MgO 2.5 0.5 - 2.5 0.5 - 1.6
ca0 1.0 .- - 5.0 0.5 - 1.7
f=
N Na,O 1.5 0.4 0.4 4.0 0.5 - 1.7
~ 2
K,0 4.0 0.2 1.2 2.0 0.5 - 2.1
Caco, - 96.0 - - 0.5 - 2.7
CaMg (CO,), - - 85.5 - 0.5 - 6.0
caso, - - - - - 20.0 2.6
Mgs0, - - - - - 5.0 0.6
- - - - - 75.0 9.8
i1,0
TOTAL 98.5% 99.6% 99.1% 99.5% 99.0% 100% 99.1%




TABLE 4

RECOMMENDED SAMPLES FOR THE PROPOSED DUST MELTING
EXPERIMENTS-SHOWING LOCATIONS AND ESTIMATED TEMPERATURES

TO MELT AND FLOW

Volcanic Glass - 200 km downwing - = = =« «
of Mt. St. Helans, Wasington State
(MSH sample designation)

Gypsum - White Sands New Mexico~ = = = -~ = =
Windblown Playa Lake sediment
(WSG sample designation)

Montmorillonite, Clay - commercial
supplier = = = =« = - = R
{MC - sample designation)

]
[
]
]

Playa Lake Sediments - Yucca Valley-
Nevada test site (NTS)
(YVLS sample designation)

'
)
1
]

Granitic soil - surface above gold -
Meadows Granite, NTS
(GMGS sample designation)

Quartz - Mcnterey Beach Sand = = - = - = - -
commercial supplier
(MBS sample designation)

Carbonate - Dolomite, e-~tunnel - = = = = - =
portal area Rainier Mesa, NTS
(RMD sample designation)

—pSuplimate first to CaOtM 0 +<:O2 *at— - -

g

700 = 1000°C

900° - 1100°C

1000° - 13Q40°C

1100° ~1400°C

1200° - 1500°C

1730° -1850°C

2250° - 2400°C

A 900°C
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