
A HYDROGEOCHEMICAL STUDY 

OF THE BIEBER GEOTHERMAL PROSPECT 

OF NORTH CENTRAL CALIFORNIA 

by 

Frank Dellechaie 

October 24, 1975 
AMAX Exploration, Inc. 



TABLE OF CONTENTS 

Page 

SUMMARY ..................................................................... 1 
THERMAL FEATURES ........................................................... 2 
CHEMISTRY ................................................................... 8 
MINERAL EQUILIBRIA ......................................................... 16 
SUBSURFACE TEMPERATURES .................................................... 16 

TABLES: 

Table 1. Thermal features cf the Bieber area ............................ 3 
Table 2. Chemical analyses of the thermal feature of the 

Beiber area, California ........................................ 9 
Table 3. Principle anions and cations of the Bieber thermal 

and non-thermal waters ........................................ 14 
Table 4. A comparison of spring silica and total dissolved solids ...... 15 
Table 5. Gibbs Free Energies in kcal/mole for selected water samples 

from the Bieber area, California .............................. 17 

FIGURES: 

Figure 1. Location map of the Bieber Geothermal Prospect ............... 2 
Figure 2. The relationship between Na and Ca for the thermal and 

non-thermal waters of the Bieber, California, area ........... 10 
Figure 3. The relationship between B and Na for the thermal and 

non-thermal waters of the Bieber, California, area ........... 11 
Figure 4. The relationship between Si02 and the Cl/HC03+co 3 ratio 

for the thermal and non-thermal waters of the 
Bieber, California, area ..................................... l2 

Figure 5. The relationship between HC03+C03, S04 and CL for the thermal 
and non-thermal waters of the Bieber, California, area ....... 13 

PLATES 1 - 7 .............................................................. 4-7 

SAMPLE FORMS ............................................................ 18-29 

SAMPLE LOCATION MAP ................................................... Pocket 



SUMMARY 

l. The Bieber geothermal prospect lies in north central California. 
The area contains 4 hot springs and at least 8 warm springs 
and/or wells. 

2. Non thermal waters contain less than 200 mg/1 of dissolved solids. 
Background Si02 content is about 55 mg/1. Cations and anions 
occur as follows: 

Na> Ca> Mg> Ca. 

3. Kellog, Bassett and Little Hot Spring and 4140 Hot Artesian Well 
are the most interesting thermal features. They show strong 
chemical similarities and are also similar to Kelley Hot Spring. 
based on relationships between S04-Cl-HC03, Na-B, Na-Ca, Si02-Cl/HC03 
SiOz-TDS, and subsurface temperatures. These hot waters demonstrate 
ionic relationship: 

Na > Ca > K >Mg. 

Hot waters demonstrate no evidence of mixing. 

4. Hot springs demonstrate similar water age based on principle ionic 
distribution. 

5. Mineral equilibria indicates that all hot waters last equilibrated 
with an altered volcanic rock. 

6. Hot water systems are indicated by basic pH, low levels of NH 3, 
Li, B, high concentrations of Cl and the Cl/F and Cl/S04 ratios. 

7. Subsurface temperatures are considered reliable and show maximum 
temperatures of 130°C. Correlation between Si02 and alkali 
thermometers is poor. 

8. The hydrogeochemistry of the Bieber area implies homogenous 
chemical and physical subsurface conditions. Waters do not 
indicate the necessary subsurface temperatures for electric 
power production. Hydrogeochemistry thus argues for a low 
rating as a geothermal prospect. 



THERMAL FEATURES 

Sixty-five water samples were collected from the Bieber area of 
north central California (Figure 1) during August, 1974. Sample 
locations are shown on the sample map at the end of this report. 
Spring and well temperatures range from 89°C at Kellog Hot Spring 
(X90045) to 7°C at Hamlin Cold Spring (X90020). Twelve wells or springs 
have the surface temperatures greater than 22°C. The surface tempera­
tures of the remaining 53 water samples indicate that the background 
temperature of the area is l4°C. The thermal features are further 
described in Table 1. Heat discharge was calculated from spring flow 
by suhtracti ng 14 ca 1 jgr background entha 1 py from the actua 1 water 
enthalpy. 

Figure 1. Location map of the Bieber Geothermal Prospect. 
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X90044 

X90039 

X90018 

X90035 

X9005l 

X90017 

X90023 

X90072 

X90016 

X90070 

X90062 

X90068 

Table 1. Thermal features of the Bieber area. 

Flow Well Depth Heat Discharge 
~~~~~e Number & Name roc ~ meters cal/sec 

Ke 11 og Hot Spring West 89 189 2.4xl05 

Bassett Hot Spring 78 662 7.lxl0 5 

Little Hot Spring 75.5 757 7.8xl0 5 

4140 Hot Artesian Well 64 11 11 9.2xl03 

Henson Warm Well 31 946 ? 2. 7xl05 

Tyrrell Warm Well 30 378 24 1 .Oxl05 

Dixon Flat Warm Spring 28 ? 

Willow Creek Warm Spg. 28 757 1.8xl05 

Dutch Flat Warm Spring 25 4 7.3xl02 

Lower McBride Warm Spg. 24 378 6.3xl04 

Bennett Artesian W.W. 23 75 38 1. 1 xl o4 

Knudson Warm Well 22 189 67 2.8xlo4 

2.4xl06 cal/sec 

9.5xl03 BTU/sec 

A complete description of each thermal feature is given in Appendix 1. 

Plates l through 7 are pictorial representations of some thermal 
features. 

3 



Plate 1. Kellog Hot Spring West 
T = 89°C at 189 lpm 

Plate 2. Bassett Hot Spring 
T = 78°C at 662 lpm 
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Plate 3. Little Hot Spring 
T = 75.5°C at 757 lpm 

Plate 4. Dixon Flat 11 Hot 11 Spring. The pond temperature 
is 28°C but the feeder spring is probably much hotter. 



Plate 5. Willow Creek Warm Spring 
T = 28°C at 757 lpm 

Plate 6. Dutch Flat Warm Spring 
T = 25°C at 4 lpm 
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Plate 7. Lower McBride Warm Spring 
T = 24°C at 378 lpm 
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CHEMISTRY 

The non-thermal waters of the Bieber area generally contain less 
than 200 mg/1 of dissolved solids. Water pH is near neutral. Bicar­
bonate is the principle ion with lessor amounts of sodium, calcium, 
magnesium and chloride. Cold waters generally contain about 55 mg/1 
of Si02 although 75 mg/1 is not uncommon. Ash Creek Cold Spring X90066 
was selected to represent average background chemistry for the area 
(Table 1). 

Thermal waters range from near neutral to basic. The hottest 
waters contain sulfate as the principle anion, while bicarbonate 
predominates in warm waters (Tables 2 and 3). Hot thermal water 
contains more than 80 mg/1 of chloride indicating hot water systems 
at depth. Fluoride concentrations are low and range from 0.14 
to 2.4 mg/1. Boron concentrations range from 1.0 mg/1 to 3.2 mg/1 
in the hottest waters. The silica concentrations in hot springs are 
above background but do not exceed 86 mg/l. Ammonia and sulfide 
concentrations are in tune with a low temperature hot water system. 
Thermal waters are dilute and do not exceed 921 mg/1 of total 
dissolved solids. 

Figures 2, 3, 4 and 5 are geochemical plots of the thermal and 
non-thermal waters of the Bieber area and Kelley Hot Spring. These 
figures demonstrate that Kellog, Bassett and Little Hot Springs and 
4140 Hot Artesian Well are very similar chemically. These similarities 
indicate equivalent reservoir rocks, subsurface temperatures and depth 
to the respective reservoirs. These similarities also evidence the 
lack of mixing in the aforementioned hot waters, i.e. if mixing did 
occur the waters would contain differing cold water fractions and data 
points would show a broad scatter on these diagrams. It would be too 
fortuitous that the mixing fractions for all the hot springs are 
identical. The remaining warm waters shown on these diagrams are 
strongly mixed with surface waters. 

Silica and total dissolved solids are compared in Table 4. Note 
that silica does not vary proportionately with surface water temperature. 
Total dissolved solids do increase with surface water temperature. The 
TDS/Si02 ratios comprise two groups, one for hot waters and one for warm 
waters. TDS/Si02 ratios for hot waters are tightly grouped between 10.7 
and 11.8 while tne warm waters exhibit ratios between 3.0 and 4.6. The 
TDS/Si02 ratios indicate that hot waters are similar. 
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~s of the thermal feature of the Bieber area, California. Units are mg/1 unless otherwise noted. 

LO\-Jer Mcf3ri de Bennett Art. Knudson Ash Creek 
Bassett Little 4140 Henson Tyrrell Dixon Flat Will ow Creek Dutch Flat \Jarm Well Warm Well Cold Spring 

;t Hot Spring Hot Spring Hot Art. vJ. Warm We 11 Warm Art. vi. Warm Spring Warm Spring Warm Spring ~~a rm S p r i n g X90062 X90068 X90066 
X90039 X90018 X90035 X90051 X90017 X90023 X90072 X90016 X90070 

8.5 8.4 7.6 7.4 
9. 1 8. 1 9.2 7.35 8.3 9.2 7.9 7.8 1.7 2.3 1.1 

94 90.0 80.0 6.0 1.3 2.3 1.3 1.2 1. 6 .22 0.18 0. 14 
1. 88 2.3 1. 78 .25 0.16 0. 19 0. 16 .18 .17 73 163 66 

27 40 27 150 96 75 78 95 85 0 0 0 
0 0 0 0 0 0 0 0 0 l 2 1 

350 400 360 2 1 4 < l 2 l 60 82 32 
75 86 68 81 45 50 46 64 38 21 50 49 

220 240 230 70 21 16 20 31 20 5.6 8. l . 7 
3.2 5.6 3.4 7. 1 6.4 3.2 4.2 6. l 4.5 7 22 17 

36 40 26 2 14 9 14 9 13 3 5 7 
. l .3 < . l 2 3 6 3 2 4 

< . l < . l < . 1 
. 1 .2 . 1 < . 1 < . 1 < . l < . 1 < . 1 < . 1 < 1. 0 < 1.0 <1.0 

2.3 3.2 1.0 < 1.0 < 1.0 <1.0 < 1.0 < 1. 0 < 1.0 < . 1 < . 1 < . 1 
< . 1 < . l < . 1 < . 1 < . 1 < . 1 < . 1 < . 1 < . 1 2 4 <1 
40 40 40 6 2 2 < 1 2 < 1 . 1 . 1 1 

. 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 < . 1 < . 1 < . 1 
< . 1 < . 1 < . 1 < . 1 ·< . 1 < .1 < . 1 < . 1 < . 1 0.0 .22 . 04 

. 48 . 13 . 51 1. 14 . 01 .07 .05 .1 0 .02 0.34 1. 19 . 51 
2.38 .. 34 1. 70 l. 36 .34 .34 0 .34 .68 178.5 341.9 176.7 

821.7 420.9 802.8 327.4 193.9 171 . 7 173.7 216.6 173.3 

25 24 23 22 12 
78 75.5 64 31 30 28 28 75 189 40 

662 575 11 946 378 ? 757 4 378 

113.7 89.4 110.5 126.4 82.1 
121. 7 128.9 116.7 125.7 96.9 101.8 98 336.4 * 247.9 * 32.1 
33.0 59.9 33.8 185.4 * 365. 5 * 282.0 * 290.5 * 279. 2 * 303. 0* 86.1 82.6 81.5 
58.9 74.6 67.6 186.3 * 75.3 60.4 61.9 87.7 65.4 

1.6 4.3 4.6 3. 1 3.0 
. 7 .6 .6 8. 1 3.5 1.6 3.5 . 04 .02 .03 

6.0 3.9 5. 1 . 1 .02 .05 .03 .02 .03 4. 1 6.8 4.3 
26.5 20.7 23.8 12.7 4.3 6.4 4.3 3.5 5.0 

subsurface conditions. 
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Figure 2. The relationship between Na. and Ca for the thermal and non-thermal waters of the Bieber, California, area. 
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Table 3. Principle anions and cations of the Bieber thermal and 
non-thermal waters. 

Sample Number & Name Anions 

X90044 Kellog Hot Spring West S04>Cl>HC03 

X90039 Bassett Hot Spring S04>Cl>HC03 

X90018 Little Hot Spring S04>Cl>HC03 

X90035 4140 Hot Artesian Well SO~Cl>HC0 3 
X9005l Henson Warm Well HC03>Cl>S04 

X90017 Tyrre 11 Warm Art. \>le 11 HCOyCl.vS04 

X90023 Dixon Flat Hot Spring HC03>S04>Cl 

X90072 ~1i 11 ow Creek \·larm Spg. HC03>Cl""'S04 

X90016 Dutch Flat Warm Spg. HC03>SOLf1Cl 

X90070 Lower McBride C. Spg. HC03>Cl-vS04 

X90062 Bennett Art. Warm We 11 HCOpCl..., S04 

X90068 Knudson Warm Well HCO>Cl~S04 

X90066 Ash Creek Cold Spring HCO>Cl~so4 

Cations 

Na>Ca>K>Mg 

Na>Ca>K>Mg 

Na>Ca:>K>Mg 

Na>Ca>K>Mg 

Na>K>Ca>Mg 

Na>Ca>K>Mg 

Na>Ca>Mg>K 

Na>Ca>K>Mg 

Na>Ca>K>Mg 

Na>Ca> K---Mg 

Na>Ca>K>Mg 

Na>Ca>K>Mg 

Na>Ca>Mg>Ca 

Inferred 
Water Age 

Old 

Old 

Old 

Old 

Young 

Young 

Young 

Young 

Young 

Young 

Young 

Young 

Young 
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Table 4. A comparison of spring silica and total dissolved solids. 

Sample Number & Name T°C Si02 TDS TDS/Si02 
X90044 Kellog Hot Spring West 89 83 894.2 "10.8 

X90039 Bassett Hot Spring 78 75 821.7 11.0 

X90018 Little Hot Spring 75.5 86 920.9 10.7 

X90035 4140 Hot Artesian Well 64 68 802.8 11.8 

X90051 Hens on \1a rm We 11 31 81 327.4 4.0 

X90017 Tyrrell Warm Art. \1e 11 30 45 193.9 4.3 

X90023 Dixon Flat Hot Spring 28 50 171.7 3.4 

X90072 Willow Creek Warm Spg. 28 46 173.7 3.8 

X90016 Dutch Flat Warm Spg. 25 64 216.6 3.4 

X90070 Lower McBride C. Spg. 24 38 173.3 4.6 

X90062 Bennett Art. Warm Well 23 60 178.5 3.0 

X90068 Knudson Warm Well 28 82 341.9 4.2 

X90066 Ash Creek Cold Spring 12 32 176.7 5.5 

·. 



-------~,~~~~-

MINERAL EQUILIBRIA 

Computer program Solmneq calculated the degree of saturation or 
undersaturation for various hypothetical minerals. Gibbs free energies 
(kcal/mole) are interpreted as follows: 

negative values = undersaturation 

0 = equil i bri urn 

positive values = saturation. 

The saturated silicate minerals are listed in Table 5. Saturated minerals 
for the hot waters (X90044, X90039, X90018 and X90035) are similar. 
This data indicates waters were last in equilibrium with a metamorphosed 
volcanic rock. Quartz is the most saturated silica mineral in all samples 
thus indicating the validity of quartz subsurface temperatures for the 
hot waters. 

SUBSURFACE TEMPERATURES 

Chemical evidence previously discussed indicates that X90044, 
X90039, X90018 and X90035 are primary unmixed thermal waters. Sub-
surface temperatures indicated by quartz and the Na-K-Ca thermometers are 
fuus considered valid. Quartz subsurface temperatures (Table 2) do not 
exceed 130°C. Na-K-Ca temperatures do not exceed 90°C except for Henson 
Warm Well (X90051} which is highly mixed. 
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Table 5. Gibbs Free Energies i n kcal/mole for selected water samples from the Bieber area, California. Positive values i mply saturation. 

Ke 11 og Bassett Litt le 4140 Hen son Tyre 11 Di xon Flat \~i 11 ow Creek Dutch Flat Lowe r McBride Bennett Art. Knudson Hot Artesian Well Harm VIe 11 \~arm Art . \>Jell Hot Spring Warm Sp ring ~~arm Spring Ash Creek 
Hot Spring Hest Hot Spring Hot Spring 

Warm Spring Warm \>Je 11 Warm We 11 Cold Spring 
X90035 X90051 X90017 X90023 X90072 X90016 X90070 

X90044 X90039 X90018 
X90062 X90068 X90066 78 75.5 64 31 30 28 28 25 24 23 

roc 89 
22 12 894.2 821. 7 920. 9 802 .8 327.4 193.9 1 71 . 7 173.7 216. 6 173 . 3 178.5 341.9 

TDS 

176 . 7 Calcite . l Dolomite 1.3 Carbonates 

Aragoni te .02 Ca l ci te . 5 

Aragon i te .4 

Huntite . 3 

Magnesite . 1 

S i 1 i cates Tremo 1 ite 32 . 0 Tremel ite 31.0 Tremo 1 i te 15 .9 Tr emo l ite 27 . 7 Talc 2. 1 Tremol i te 11.7 Tremol ite 28.7 Talc 5. 7 Tal c 4. 9 Treme l ite 13. 3 Tremo l i te 11. 8 Tal c 5.0 Ta l c 14.5 Talc 14.0 Tal c 8.6 Tal c 13.0 Quartz 1.4 Talc 9. l Talc 16.9 Tremoli te 3. 7 Tremol i te 1. 5 Talc 9. 9 Talc 9.6 Quartz 1. 6 Dipos i de 7.5 Di poside 7.0 Fayal i te 2.8 Di pos ide 5. 8 Chalcedony Qtz. .8 Greenalite 1.5 Crysoti l 7.8 Quartz l. l Quartz 1. 4 Greenal i te 2.8 Greena l i te 2.9 Tremolite 1. 4 Crysoti 1 6.9 Crysoti 1 6.3 Dipos i de 2 . l Crysoti 1 5. 1 Cristobalite . 6 Fayal i te 1. 2 Greenal i te 5. l Calcedony Qtz. .5 Chalcedony Qtz. .8 Faya lite 1. 4 Quartz 1. 3 Chalcedony Qtz. 1. 0 Fay a 1 ite 2.8 Fayal i te 2.8 Quartz . 7 Fay a 1 ite 2. 9 Silcaam . 1 Quartz 1.1 Diops ide 4. 4 Cri s toba 1 ite . 3 Cri s toba 1 ite .5 Qua rtz 1.0 Fayal i te 1 . 2 Cri s tobali te . 7 Ha 11 as to 1. 4 Wall asto 1. 0 Calcedony Qtz. .3 Quartz .3 Chalcedony Qtz . . 5 Fay a 1 ite 3.4 Sili caam . 06 Crysot il . 7 Cha lcedony Qtz. . 7 Silicaam . 3 Clinenst . l Quartz . 1 Magadite .2 Wallasto . 3 Cri s t oba lite . 2 Sepiolite 1.4 
Chal cedony Qtz. . 5 Cri s toba l ite . 5 

Quartz .03 Quartz 1. 0 
Cristobal i te . 2 

Cha l cedony Qtz . . 4 
Dipos ide . 2 

Cl i nenst . 3 

Cristoba l ite . 1 



GEOCHEMICAL 

SAMPLE FORMS 



AHAX GEOTI-IERH:\L GEOCHEMICAL SM!PLE FOR!'l 

SprinG No. CA J 053 Sample No • X _..::.9...::0...::0-=6-=6~-------Date 8/2/7 4 Time 13:45 

Name: ASH CREEK CAMPGROUND C. S. Location: Co. Lassen State CA 

8El!.i NWl:t Sec. 4 T 38N R: lOE Km/mi. of _____________ __ ----
Lat.: Long.: Sampler: -~F~·-2D~e~l~l~e2c~h~a~i~e~-------------------------- --------------- -
Elevation: __________ ~4~8u8~0~------------- Quad. ____ A~duiun~~]_5L-----------------

Sample Type:X Spring (p), well (p), creek, river, soil, salt, sinter, travertine, 
r;ac;, rock, snow. 

Description: 

vlater Temp. °C Discharge: _____________ -=1~0~-----------~Lpm 

Ground Temp. °C -------------------- Well Data: Depth -------------------------
Air Temp. ________________________ __ Bore -------------------------------------------
Odor ____________________ -=0 ________ __ Pump Type 

Fluid Color 
------------~~--------

Level of water in bore -------------------
Fluid Taste hard 

--------~~~~--------
Type of piping _______________________ __ 

Bubbling ________________ ~O ________ __ Artesian Head ----------------------------------
Boiling ________________ "------ Rock Data:· 

Ver;etation 
----------~---------

Type (surface) basalt· 
----------~~~~~------~ 

Fluid issues from_pl asti c pipe Color ------------------ dark gray 

G~ain size ______________ _llm~e~d~l~·~uwm~---------

Megascopic Minerals ___ ~Q~T~z~,~O~l~i~v~~l~·~n~e~,~ 

Salt: Type ____________ ~O~------- Pyroxene, calcite fillings 
Quantity ---------------------------
Color ________________________ __ Alteration: no 

------------~~~-------------

Form ----------------------------- Rx Type (at depth)~----------------

Sinter: Type Water used for 0 
----------~----------------

Quantity Immediate area used for: camping 

Color ----------------------------- National Forest 1 and 

Form Quality of sample:~' Good, Poor 

Probable cause of manifestation natura] hydro fJow 

Property 0\·med by stai-e 

Previous and/or Current Leases 

C omrne n t s : __si_gn 8 a y 8 water n n 8 a fe t 0 ,--------------=-S.:.:K::::.E.c::T-=C.:..ll:..::::E:..::S:__ ___________ , 

drink? 



AllAX GEOTHER~L\L GEOCHEMICAL SAI'-!PLE FO.R,H 

Sprin~ No. CA 1055 Sample No. X 90068 Date 8/3/74. 
--~~~~----------

Time 15:00 

Location: Co. Lassen State CA Name: KNUDSON WARM WELL 
--~~~~~~~~~~c==------------------

_.:;_ __ 
Sec. 21 T 38N R: 9E Km/mi. of --------------------

Lat ·: Long.: ---------------------- --------------- Sampler: John E. Deymona z 

Sample Type: 
,----------

Spring (p), ~ell (p); creek, river, soil, salt, sinter, travertine, 
~as, rock, srib~~--

Description: 

vl at e r Temp . ° C Discharge: ? 
----------------~-----------

gpm/Lpm 

Ground Temp. ° C ------------------ Well Data: Depth 220 
----------~~------------

Air Temp. -------------------------- Bore 6" 
----------------------~--------------------

H2S Odor -------------------------------- Pump Type sub 

clear Fluid Color ------------------------ Level of water in bore ____ l~8-" __________ ___ 

Fluid Taste 0 
------~----------------

Type of piping ____________ ~s~t~e~e~l~~c~a~s~lk·n~g~----

Bubbling ---------U----------------- Artesian Head -------------------------------
Boiling 0 Rock Data:· --------------------------
Vegetation -------U----------------- Type (surface) bslt (float) 

Fluid issues from __ -=s~t~e~e~l=-~P~i~p_e~- Color -------------------------------------------
Grain size 

I --------------------------------

Megascopic Minerals ---------------------
Salt: Type ____________ o __________ __ 
Qu .:tilt it y _________________________ _ 

Color Alteration: ------------------------- -------------------------------
Form ------------------------------- Rx Type (at depth)~---------------------

Sinter: Type 0 Water used for home & farm 
--~==~~=-~==~----------

Quantity ________________________ ___ Immediate area used for: ------------------
Color 

Form Quality of sample: ~i), Good, Poor 

Probable cause of manifestation well 
--------~~~---------------------------------------

Property ovmed by A., L, Knndson Box 2 09 

Previous and/or Current Leases 

Adin, Cali f. SEND RESULTS~ 

-----------------------------------------------------

Comments: SKETC!II:S 



A~IAX GEOTHER~f:\L GEOCHEMICAL SM!PLE FORt-I 

Sprin~ No._LA J 049 Sample No. X 90062 Date 8 ; 2 ; 74 --~UL~----------- I ( 
Time 13 15 

State CA Location: Co. Modoc ---Name:_~B~E~NuuN~E~T~T~A~R~T~·-W~A~RM~~W~E~L~L=-----------

NE!;r NW!;r Sec. 28 T 39N R: lOE ____ Km/mi. of ---------
Lat.: ____________ Lone. : _________ _ Sampler: G. S. and F. Dellec]1aie 

Quad._~A~d~i~n~-----------------------Elevation: 42 
-~~~~----~====~-~,---

Sample Type: Spring ( p) , ~g_JJl.)_-,l creek, river, soil, salt, sinter, travertine, 
r;as, rock, snow. 

Description: 

via ter Temp. ° C Dis charge : ----------------1+~2"'-l....O ___ -----f~,; Lpm 

Ground Temp. °C ______________ __ Well Data: Depth 124' 
-----------~~--------

Air Temp. _______________________ __ Bore _____________________ ~6L-"~w?~--------

Odor ----------------------------- Pump Type electric 

Fluid Color clear 
------------~~~~-

Level of water in bore surf 
---~-------

Fluid Taste ______ n~o~n~e~_J(~h~a~r~d~)- Type of piping iron - plastic 

Bubbling ______ O ____________ _ Artesian Head yes 
--------~----------------------

Boiling ________ _u ______________ __ Rock Data:· 

Vegetation ______ O _________________ _ Type (surface) ________________________ __ 

Fluid issues from dd lJ ed art Color ----------------------------
well Grain size 

I ----------------------------

Megascopic Minerals -------------------
Salt: Type _____ o_~-----------

Quan tit y _________________________ _ 

Color Alteration: --------------------
Form ------------------------------- Rx Type (at depth~) ___________________ __ 

Sinter: Type _____ o __________ __ Water used for house 
---------~~~~------

Quantity ___________________ ___ Immediate area used for: residence 

Color 

Form Quality of sample: @1 , Good, Poor 

Probable cause of manifestation well ----------------- ~--
Property owned by ___ Iwb~y~J~JL~~~~~~---------------------------------

Previous and/or Current Leases ------------------------------------------------

Comments: :;.:.;:;::-1924 drilled SKETC!IES 



A~lAX GEOTHI:Rt-1:\L GEOCHEMICAL S~HPLE FOR)'! 

Sprin~ No. CA 1031 Sample No. x __ 9~0~0.:.:.4.:.:.4, _____ Date 8,/1,/74 Time 1 1 . 2 0. 

Name: ___ K~EuL~L~O~G~GLJHL·L-~S~,_JW~E~S~T _____________ ___ Location: Co. -Lassen State CA 

SWla SWl;r of --------Sec._lLT 38N R:-"-8E""'--- ____ Km/mi. 

Sampler: F. Dellechaie Lat.: Long.: -------------------- ----------------
Elevation: _______ ~4~2~2~0~-------------- Quad. ____ _JB~l~·e~b~e~rL-~l~SL-'-------------------

Sample Type: &~(p), •t1ell (p), creek, river, soil, salt, sinter, travertine, 
ga.,, rock, snow. 

Water Temp. ° C 89 Discharge : ____________ 5~0 _______ _ gpm/Lpm 

Ground Temp. ° C ____________ _ Well Data: Depth ______________ _ 

Air Temp. ------------------------- Bore -------------------------------
Odor __________________ I-'I ~s __ _ Pump Type 

Fluid Color ___________ ~c~l~e~aur __ _ Level of water in bore ---------------
Fluid Taste S= hardness_ Type of piping _______________________ _ 

Artesian Head ----------------------------Bubblin~-----------------~m~i~n~oLr~-

Boiling 0 
--------------------~----

Rock Data: 

Vegetation _______________ ~OL_ ____ __ Type (surface) valley fj J J 

Fluid issues from cement pool Color ----------------------------------------
Grain size 

' ------------------------------
Hegascopic Hinerals -------------------

Salt: Type clorides, sulfates 

Quantity ______________ ~m~a~J~·~o~r~-

Color ___________________ ~w~h~i~t~e~- Alteration: ---------------------------
Form aQiQ1!lar Rx Type (at depth~) _________________ ___ 

Sinter: Type travertine Water used for 0 
-------------~---------

Quantity minor I~nediate area used for: cattle lumb.ru.::__ 

Color hi.t.e.--.... 

Form mass j 3ze 
~--\ Quality of sample: ~, Good, Poor 

Probable cause of manifestation ___ ___,d_e_ep fanl t 

Property o~omed by 

Previous and/or Current Leases 

Comments: SKETCHES 



MlAX GEOTHI:RH:\L GEOCHEMICAL SAMPLE FORi'! 

Sprin~ No. CA 1003 Sample No. X ____900l 6 Date -o..8,~/-.J3-I'/-.7w4,~---T ime ~ 5 0 0 

Name: _ _JD~ILJTLC~H~F~I~.A~T~W~AwRuM~s~.P~R~I~N~G~--------- Location: Co. Modoc State CA 

Center of ---------------Sec.-..3A_T 40N R: 9E Km/mi. -----
Lat.: ·--------Long. : _________ _ Sampler: John E, Deymona_z__. 

Elevution: 4320 
-----~~~--------------

Quad. ___ ~C~a~n~b~---------------------

Sample Type: ~in~(p), vlell (p), creek, river, soil, salt, sinter, travertine, 
)3~rocl<, sno~o1. 

Description: 

vlater Temp. °C 2 Discharge : -------------------'1"'-------- gpm/ Lpm 

Ground Temp. ° C ------------- Well Data: Depth -----------------------
Air Temp. ----------------------- Bore ----------------------------------------
Odor 0 

--------------~-------------
Pump Type 

Fluid Color 
---------'-'---

Level of water in bore ------------
Fluid Taste 0 

------~~------
Type of piping ________________ ~---

Bubbling 
-----------~-----------

Artesian Head ------------------------------
Boiling 0 

----------~~--------
Rock Data: 

Vegetation plants 1 grass 1 algae Type (surface) basalt 
--~~~~--------------

Fluid issues from fracture in 

basalt on gentle slope 

Salt: Type _______ ~O~-----

Quuntity _________________________ _ 

Color ----------------------------
Form ------------------------------
Sinter: Type -----~------------

Quantity ___________________ ___ 

Color 

Form 

Probable cause of manifestation 

weathers to lt. 
Col or ________ ~lJ.:t~-~df.Xk:;._cg.J.;rt;:.,ay (gray granu.l-ar 

Grain size material) 
I -------------------------------

Megascopic Minerals ---------------------

Alteration: -------------------------
Rx Type (at depth~) ______________ ___ 

\.Ja t e r used f or _______ _....cc.e:awt_ti-l.l ""'e'-------

Immediate area used for: ___ f~a~rm~L~·n~g ___ __ 

Quality of sample: e~, Good, Poor 

deep fault 

ProPertY 0 vm e d bY Owen K resqg-t:e!.---.cBcL.OuX'--2.c....:l3..o6L--_..A~d...~.i ..L-Di.,,,__L.C.IolA.___;9::L0.6.u0'-1.0u:6:>--..::.Su:E:.JN)i..D~...~-...tRu:E:...:S::lJiu.l..J.JI.w.T...:JS ! 

Previous and/or Current Leases --------------------------------------------

Comments: Roll 9#5 SKETC!JES 



A~fAX GEOT!-JERH:\L GEOCHEMICAL SAHPLE FORI'! 

SprinG No. CA 1004 Samp 1 e No· X _ _.:9::_0:::...:::..0:::.1..:..7. _____ Da t e 8/1/7 4 Time 20:30 

Name: TYRRELL ART WARM WELL 
---~~~~~~~~~~~~~~---------

Location: Co. Modoc State CA 

NWl,r SE\ Sec. 35 T 40N R: .9::_:E:=___ 5 Km/mi. N of Adin - -------- --~~~--------

Lat.: LonE,. : --------------------- ---------------- Sampler: G.S. and John Deym~nez-

Elevation: 4360 Quad. __ _.:C~a~n~b~Y~-------------------------­

Sample Type: Spring (p),~l (p~) creek, river, soil, salt, sinter, travertine, 
Gas, rock, sno~ 

Description: 

Water Temp. °C Discharge: J 00 (natura 1 ~/Lpm 
Ground Temp. °C ------------------- Well Data: Depth 80' 

-------~~-------------

Air Temp. ---------------------- Bore ______________________ 4~"~2~0~'~c~a~s~i~n~gi-__ ___ 

Odor _____________________ """'n,_,o""n"-e""-- Pump Type E 1 e ct ric cent r if 

Fluid Co 1 or ______________ c'='-=l~e~a~r=-- Le ve 1 of wa ·t er in bore __ 2_0 __ ' ------------

Fluid Taste 0 --------------------
Bubbling 0 ---------------------------

yrs Artesian Head ----------------------------------
Boiling 0 Rock Data: --------------------------
Veeetation some green algae Type (surface) _______ __ basalt 

Fluid issues from Color -------------------------------------------
Grain size 

' ---------------------------------
Megascopic Minerals -----------------------

Salt: Type ______ o _______________ __ 
Quantity ___________________ _ 

Color Alteration: ------------------------------ --------------------------------
Form ------------------------------ Rx Type (at depth~) _________________ ___ 

Sinter: Type ___ 0~----------------- Water used for ----------------------------
Quantity _____________________ ___ Immediate area used for: ----------------
Color 

Form Quality of sample: €~·, Good, Poor 

Probable cause of manifestation ____ _Jf~a~1~1 .J~~t __ r~i~a~g~e;_~t~o~~s~o~u~t~hH----------------------

Property owned by -----
Previous and/or Current Leases ----------------------------------------------

Cornrnents: SKI::TCI!ES 



A~1AX GEOTHI:RH.\L GEOCHEMICAL SAMPLE FORI'! 

Sprin)1 No.--CA-1010_ Sample No. X 90023 _____ Date 8/ /74 Time 1600 ______... 

Name: DIXON FLAT "HOT" SPRING 
--~~~~~~~--~~--~~~~-----------

Location: Co. Lassen State CA 

SE~ Sec. 28 T 37N R:_...6u.E;,__ _____ Km/mi. of ------------
Lat.: Lonp;.: ___ _ ---------------------- -------- Sampler: ,John E. DeymQILa_z____, 

Elevation: ________ ~3w3~3~0~--------------

Sample Type: rSPri~,(p), Hell (p), creek, river, soil, salt, sinter, travertine, 
t;·~ck, snoH. 

Description: 

vlater Temp. oc Discharge: ? gpm/Lpm 

Ground Temp. oc Well Data: Depth 

Air Temp. Bore 

Odor Pump Type 

Fluid Color Level of water in bore 

Fluid Taste Type of piping 

Bubbling Minor (very) Artesian Head 

Boiling 
0 Rock Data:· 

Vegetation algae Type (surface) bslt 

Fluid issues from base of Color 

~~l~ic bilJside a]ong flt Grain size 
I -------------------------------

Megascopic Minerals ----------------
Salt: Type _______ ~O~-----------

Quantity _________ _ 

Color Alteration: 
------------------~---------- -----------------------

Form ____________________ ~----- Rx Type (at depth~) __________________ _ 

Sinter: Type _______ o ____________ __ Water used for recreation 
-----------=~~~~~~----

Quantity _____________________ ___ Immediate area used for: farming 

Color 

Form Quality of sample: Exc., ~{ Poor 

Probable cause of manifestation Flt intercepting warm water at depth 

Property ovmed by June Vesta 1 Box 247 Me Carther, CA 96056 Send Results! 

Previous and/or Current Leases ___________________________________________________ _ 

Comments: Roll 8#35 SKETC!IES 



AHAX GEOTHI:Rt·L\L GEOCHEMICAL SAMPLE FOR.H 

Sprin~ No.~c~A~l~OL2~2-- Sample No. X __ ~9~0~0~3~5~ ________ Date 8/1/74 Time 1506 

Name: 41 40 HOT ARTESIAN HOT WELL Location: Co. Lassen State CA 

NW~ NE~ Sec. 12 T 38N R: 8E Km/mi. of ----- ---------
Sampler: F. Dellechaie Lat.: Long.: --------------------- ---------------

Elevation: 4140 
---------~~~---------------

Quad. Biebe:r 

Sample Type: Spring (p),~;li~l) creek, river, soil, salt, sinter, travertine, 
)3i1S, rock, sn-ow, 

Description: 

vla ter Temp. ° C 64 Discharge: _________________ ~3~--------- gpm/Lpm 

Ground Temp. °C ------------------- vle ll Data : Dept h ______ _::3:.:5::__' ---------

Air Temp. -------------------------- Bore 4 
--------------------~---------------

Odor ____________________ ~M~i~l~dQ-~s~ Pump Type artesian 

Fluid Color 0 
---------------~--------

Level of water in bore ____ _::t:.:o::__t~o~p~----

Fluid Taste __ ~c~o~2~H~2~s~h~a~r~d~------ Type of piping _______________ r_u_s_t~y __ i_r __ o_n ______ _ 

Bubbling ____ ~h~i~g~h~l~y~C~o~2--'~e~d=---- Artesian Head ------------------------------
Boiling _________________ ~O ____ __ Rock Data:· 

Ve~etation _____ v~e~g~et~a __ t_i_o_n _______ _ Type (surface) valley fill 
--------~~------------

Fluid issues from ste·el pipe Color -------------------------------------------
Grain size 

I --------------------------------

Megascopic Minerals -------------------
Salt: Type chloride snlfates 

Quantity minor 

Color white tan Alteration: -------------------------------
Form acicular - massive Rx Type (at depth~) ___________________ _ 

Sinter: Type 0 Water used for 0 
--------~----~--------

Quantity ____________________ ___ Immediate area used for: farmi!l~-

Color 

Form Quality of sample: Exc. ,~)Poor 
Probable cause of manifestation ___ ~a~r~t~e~s~i~aunL-Wwte~l~lL_ ___________________________ _ 

Property ovmed by ? 
~--------------------------------------------------------------

Previous and/or Current Leases ----------------------------------------------

Comments: SKETCIIES 



AHAX GEOTHERK'\L GEOCHEMICAL SAMPLE FOR}! 

Sprint; No . ._CA ] 026 Sample No. X 90039 Date 8/1/74 
--~~~~----------

Time 13:30 

Name: BASSETT HOT SPRING Location: Co. Lass eft State CA 

NW~ SE~ Sec. 12 T 38N R: BE Km/mi. of ------ ---- ----------------
Lat.: Long.: --------------------- --------------- Sampler: ____ ~F~-~D~e~J~J~e~c~h~a~j~e~--

Elevation: 4150 
------~~~------------------

Quad. ____ ~B~i~e~b~e~r~---------------~---

Sample Type: ~)(p), well (p), creek, river, soil, salt, sinter, travertine, 
13as, rock, snov1. 

Descrietion: 

vlater Temp. oc 78 

Ground Temp. oc 

Air Temp. 

Odor mild H2S 

Fluid Color clear 

Fluid Taste hard S= 

Bubbling minor 

Boiling 

Vegetation algae 

Fluid issues from cracks in 

Salt: Type cl ori des & sulfates 

Quantity minor 

Color white 

Form massive 

Sinter: Type calcite 

Quantity minor 

Color white 

Form massive 

Discharge: ----------~1~7~5~------ gpm/Lpm 

Well Data: Depth 

Bore 

Pump Type 

Level of water in bore 

Type of piping 

Artesian Head 

Rock Data: 

Type (surface) ss 
Color gray, white 

Grain size medium 
' 

Megascopic Minerals QTZ 

Alteration: ______________ ~h~l=·~g~h=l~Y~----

Rx Type (at depth)~---------------------­

Water used for drinking:, heating 

I mrn e d i ate are a used for : __ _._r.L.laL.Lnuc~lu.J_,_j ..... n...,g9----

Quality of sample: @;, Good, Poor 

Probable cause of manifestation ____ ~d~e~e~p~~f~a~u~l~t~--------------------------------

Property owned by --------- G, Packwood 

Previous and/or Current Leases ---------------------------------------------

Cornrnents: SKETCIIES 



A~!AX GEOTHf.RH:\L GEOCHEMICAL SNIPLE FORI'! 

Sprin~ No. CA 1057 Sample No. X 90070 Date 8/1/74 Time -----------------
Name: LOWER Me BRIDE WARI'll SPRINGS Location: Co. Lassen State CA -------------------------------------------

NW & SW~ N!i~ Sec. 28 T 37N R: JOE Km/mi. ------ of ----------------
Lat ·: Long.: ----------------------- ---------------- Sampler: John E. Deymona·z _§. G. S. 

Elevation: 5000 
--------~~~----------------

Quad. ____ ~A~d~i~nL------------------------

Sample Type: ~(p), well (p), creek, river, soil, salt, sinter, travertine, 
r;as, rock, snow. 

Description: 

\>later Temp. °C 24 

Ground Temp. °C __________ 2_1_~·~5 ____ _ 

Air Temp. --------------------------
Odor --------------------------------
Fluid Color clear 

--------------~~~~--

Fluid Taste none 
----------------~~--

Bubbling _________________ O~--------

Boiling 0 --------------------------
Vegetation some green algae 

Fluid issues from several -----------------
seeps and fissures 

Salt: Type ______ o ________________ __ 
Quantity __________________________ _ 

Color ------------------------------
Form ----------------------------
Sinter: Type --~0~-----------------
Quantity ________________________ ___ 

Color 

Form 

Discharge : ________ =.l~O~O:_o(L!t::.::O::..t~a=l:_L.) __ {P~jLpm 
Well Data: Depth --------------------------
Bore --------------------------------------
Pump Type 

Level of water in bore -------------------
Type of piping __________________________ ~-----

Artesian Head ----------------------------------
Rock Data: 

Type (surface) andesite - basalt 

Color -------------------------------------------
Grain size . ---------------------------------
Megascopic Minerals scor iaceous numerous 

ves. fillings and fractures 

Alteration: some surf 

Rx Type (at depth)~-----------------------

\vat e r used f or ____ __::c:.:::a~t=-t=l:.:::e:__ ____________ __ 

I~nediate area used for: ranch ------------------

Quality of sample: G Good, Poor 

Probable cause of manifestation exposure of aquifer along ridge front (fault) 

Property owned by ------
Previous and/or Current Leases 

------------------------------------~-------

Comments: SKETCIIES 



AHAX GEOTHI:!U·L'\L GEOCHEMICAL SM!PLE FOIU-1 

Sprin)i No. CA 1005 Sample No. X 90018 
--~~~-----------

Date 8,L2,L:Z4 Time ] 0:3 0 

Name: LITTLE HOT SPRING Location: Co. Modoc State CA 

______ S.........,Wc.:;,\1---- Sec. 9 T 39N R: 5E Km/mi. of 

Lat.: _______________ Long. :--------'--- Sampler: John E. Deymonez 

Elevation: 3550 
---~~~------------- Quad.~J--'------------------------

Semple Type: (~J (p), well (p), creek, river, soil, salt, sinter, travertine, 
~~ock, snow. 

Description: 

vlater Temp. °C 75.5 Discharge: _______________ 2_0_0 ___ __ gpm/Lpm 

Ground Temp. °C 46 
-------~~---

Well Data: Depth ---------------------
Air Temp. Bore ---------------- -----------------------------------
Odor _____ ~m==i~n~o~r~~H~2~s~---------- Pump Type 

Fluid Color Level of water in bore --------------------- -------------------
Fluid Taste slight sulfide Type of piping ______________________ _ 

Bubbling moderate Artesian Head --------------------------
Rock Data:· 

minor green filimeiTt algae -
Vegetation a gray algae Type (surface) ----------------------bslt 

Fluid issues from cobbl~ soil 

at base of hill along 

flt? 

Salt: Type ___ ~suu~l~f~awt~e~s~?--~----

Quantity _____ ~m~l~·n~o~r~---------

Color ________ ~w~h~i~t~e=---------

Form _________ ~a~m~o~r~p~h~o~u~s~--------

Sinter: Type 

Quantity _________________ ___ 

Color 

Form 

Color _____________________ ~d~k~g~r~a~y ________ __ 

Grain size Plagioclase up to 5mm 
' 

Megascopic Minerals Plagioclase, rnagneti te 

chlorite 

Alteration: minor chlorite 

Rx Type (at depth) 

\vater used for livestock 
-----------~~~~~~---

Immediate area used for: farming 
____:_:_::.:.::..:..:.:.:..:.~---

c.~ Quality of sample: ~· Good, Poor 

Probable cause of manifestation flt intercepting heat source at depth 
---------~--~~-----------------~-----

Property owned by --------
Previous and/or Current Leases ---------------------------------------

Comments: Roll 8 #28, 29, 30 tem2. SKETCHES 

---=s..~:~a.me as when meas,~red 15 yea;hr~s---

ago. Does not vary seasonally 

----------------------- ··--



MlAX GEOTfll:R1,L\L GEOCI!Et1ICAL SAI"!PLE FOR}! 

Sprin13 No. CA J 059 Sample No · X _ _::9....:::0....:::0:_:7_:::2:... _____ Da t e 8 /3 /7 4 Time 2000 

Name: WILLOW CK. WARM SPRING 
----~~~~~~---------------------------

Location: Co. Lassen State CA 

SE~ Sec. 28 T 37N R: lOE Km/mi. ----- of ---------------
Lat.: _________________ Lon~. :------------ Sampler: John E. Deymonaz 

Elevation: ------------------------------5120 Quad. _____ A __ d_i_n __________________________ ___ 

---Sample Type: ('Spring (p)), well (p), creek, river, soil, salt, sinter, travertine, 
13as, rock, snow. 

Description: 

via ter Temp. oc 28 Dischar~e: 200 gpm/Lpm 

Ground Temp. oc Well Data: Depth 

Air Temp. Bore 

Odor 0 Pump Type 

Fluid Color Level of water in bore 

Fluid Taste 0 Type of piping 

Bubbling 0 Artesian Head 

Boil in~ 0 Rock Data:· 

Vegetation 0 Type (surface) bslt 

Fluid issues from galvanized Color dk gray 
,._.., 

steel pipe sunk into rocky Grain size 
' 

hillside along Willow Cr. Megascopic Minerals 

Salt: Type _______ s_ul_f_a_t_e ________ __ 

Quantity moderate ---------------------
Color ____________ w_h_i_t_e __________ _ Alteration: ------------------------
Form _____________ ~a~m~o~r~p~h~o~u~s ___ _ Rx Type (at depth~) ___________________ ___ 

Sinter: Type 0 Water used for ____________ d_r_l_'n __ k_i~n~g~---

Quantity __________________ ___ Immediate area used for: recreation 

Color 

Form Quality of sample: G , Good, Poor 

Probable cause of manifestation possible fl t nmn j ng thrn valley 

Property owned by U, S, Forest Ser1d ce 

Previous and/or Current Leases -------------------------------------------------

Comments: Roll 9 #8 SKETCIICS 




