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W^^^ri3pos»lttKPtjKipora^ temperature gradient core hole MZI-llA by 
removing the existing BOE and bolting a blind flange onto the casing head 
flange. Access to the well bore can be achieved either by removing the blind 
flange or opening a wing valve. 

Well MZI-llA is currently being cored. Because of problems in maintaining 
circulation, it is deemed advisable to temporarily abandon (suspend casing 
operations and place the hole and location in a safe condition preparatory to 
resuming coring operations in Spring 1987). 

The hole is currently completed with 575 feet of 4-1/2 inch casing cemented to 
surface and HQ (3-3/4 inch) hole drilled to 1354 feet. 

Sumps will be pumped;"and barricades erected,, until the site is reopened in the 
Spring of .1987, in accordance with direction of the surface manager, Winema 
National Forest. : . 
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TQt S U M S F r«« twioh TvlMO^lAtf M9t (3Q«) Sa<<0S24 
0 . 4 , 0 « 9 t « f t « « a t «»f Saa rn r^ {p CoafirBftUcm B a ^ l M I t S2«*1S03 

t o * Mlit* «tfi9Jk« T«l«S«^l*9f Sss {801} S24-3433 
Oaiv«3e«i«7 «e 9t«t& RwMMCoti ( toafi t faat ion tetbt S24-3422 

Traaj f t l t f t td Byt Sonja a t t h T a l « e ^ i « r tto* (707) SZ4-QS94 

2333 M«qd99it» Kv«au«. Saitf t 100 
S M t a t o « « * e x fS401 
(7071 §2&>10Q0 

H k U l ^ t eOt« «0L8 KSZ*1U 

n s T H t 

FOOtmn SfULLE& 9XSCS LAST RSPOiX* 

^•^^***^'^*' l i , / i a / 8 < B i l l J«Qa«n of t h a Chanailt POTMt Smtrriea v u t s fw?r» WXX 
oa aujnp l i d , f o r abandOMwat fo7 Ut« wiQK«r. 

eCi CTC, HHK, 5V, ST, 0« 

TOtAX, fift!S'X(Un& COST TO OĴ TS* 



0« t» t 3©/24/Se 

u* 9« 8*pta£t<Mnt o£ &e«r3v«. t o 

TOJ KlJMi wrlg&t 

I n a t i t u t * 

TffftA««)itt«d Sy* _ . _ s,tM« . fe.*^ 
Califoirnift ^ « : ^ g ^ C o . , I n o , 
3333 Kandaeino X7«nu«, S u i t * 100 
S c a t s liQMft, C& 954Q1 
(707) 52«-lD0O 

T a l K o p i m r Kot ^2QB) 324-0524 
Coof lma t lOS ftunivv* 324-1503 

TiilACOpi*^ Noi (001) S24-'S453 
C«iQ£lrm««ioo B«tht 924-3422 

T*l«coj>i«; Sot <707} 526-0904 

KMUi^ Z COaS HOIiS MZX-llA 

DAIJALRBFORT 

DATEi 1(1/23/84 SAYS 9X»CS a^US i 

DBffTKi 

SSStCEHT EtSCOVERYt 

D r i l l e d h o l e fzom 1239' - 1 3 3 4 ' . Had one ten^ecatucB 
e b « e k " 1297*. TMt&ftsaturft wai I06*F. 
19 h r a . d r i l l i n j j case p a r t i e l t o tia r 6 t u m # . 

4 h r a . hAmHing r a d s . 
1 he* tefflfs^ftturts Qhntfk^ 

JEiFi»£f42 

TOTAL BfiTSMATSP COSt TO DAT?t 

Byt 352.5Bl .Qa 



»««•« l f t / 24 /8S 

t 9 » 8tUi«a ?4r««t«ri.eh 

TO* Hik« Wright 
Ooivwrsdt^r Of Ot«b SUMaCTdh 
I n s t i t u t a 

T t t l a eepUr BOi (205) 534-0524 
Co»£ix«Atloo B«rxi4a«t 524-150$ 

T * l K 9 p i « r R«t (801) 924-3453 
C e e t l » M t l « o Mt&t 934-3422 

T)f*a«Biit!t»d gy> Sonla Rath 

C a l i f o r o i a Bwirgy C ^ , , i n a . 
3333 ftteadodiito Ay«au*« Suifes 100 
S a n t s ftoca, CA 99401 
(707) 524-1000 

Talacoi^jlQr Hot (707} 5Z6-0S04 

MASAKA I C0R8 SOEiS H 9 I - 1 U 

Pftlliy RSgQRg 

DATl* l # / 2 2 / 8 f 

TSKfi« 

DSPTHi 

?OOTAGE DiUL£.E£> SZHCB LAST SBSOSTc 

FBBCS8T RSfiQVKVXf 

I»^7S SIMC2 S»UZ>f 

C0**fia5T»» S9/22/96 D r l l i a s b o i a from 1225 ' - 1 2 5 9 ' . 
7 hr»* 4 r i i l i i i g c o r e . 
5 h r « . faa£i(Slli}$r r o d s , 

12 h r s . figfhtiJ3ff l o s t a l r e u l a t i o a whi le adding LCM t o h o l e . 

iTI.?(«r ;43 

TOTAI. CSTltlAt^D COST TO 9AT^t 

6y» 6BB.S33.gO 



CAiriroKHlA SMEHOf COHPAKt̂  ZBC. 

Ta^gOFY T&MMIICTTAL 

Datai 10/22/Bfi Thla traii«al»ai«n» 1 paffaa. 

TOt Sunah Preatvioti Talaaopiar M91 (308) 524-0524 
0 . S. t)«startm«at o£ Snarsy, ID Cotvfirmatioa BaxT^oat 524-1503 

TOL Klka Wright Talacopiar (ta» (801) 524-3453 
Udlvaraifey of tJtaH Raaaarolx CpnfimatloD Batfii 524-3433 
Inatitufca 

Tranamittad iv« Sftni* ^f^||i Telecopiar SOT (707) 521-0304 
Cal i forn ia EftAr^y C0'« Ino . 
3333 Maodooino Avaou*,. Sui ta IQQ 
SaQta Koaa* CA 9S401 
(707) 525-1000 

tIAZAMA I COSE UOLB H2X-1IA 

DAILY RggQRT 

DATSi 10-211/84 DAKS SIWHS SPUD* 

TIME I 

roOTASS DRI£.£.£fi SZHCS CAST RSSdEtTi 

FftRCOrP RBCOVWlXf 

COHHEtra* 10/22/S6 63» t o TD Of 1225 ' SB Of 7i00 e.m. 
Temperature 6 12Q4' l l O - P , B i t Chang* % 1 2 2 3 ' . 
Cur*^*ntly $ 1234' l l tOO a.m.. 10/22/Bfi. 

JLFi£r t42 

TOTAL MTIMATEO COST TO OATEt $Q6,5QQ.OO 

9yi Dave Workman 
• ! • IIWI III M ^ • • I • l l . ^ l . l M i l I III 



Qa«a. 10/21/86 TiLia t £ « a « a i 8 f i 4 4 l &afaa. 

TO I foaaa f j^vatvioa 

Q* S< Oagta^ ta tas t of E a « ; ^ y , ID 

901 Kiha wr lg t i t 

I h a t i t u & a 
Tranomittad 3f<^ g^"^* Rath 

Talaeat^iav Sa* $3011 Si€'-(IS34 
CaAflfmieias 9ara i9a4 S24*t5S3 

tal^esf^iaf* S9t («01) 924-3493 
C o n f l n ^ t l e a Bat&« 524-3422 

T a l a c c ^ i a r Itai (707) 92S-05Q4 
C a l i f o T n i a t s A s ^ f Ca.» l a e . 
3333 Haadociao Avafttia* E u i t a 100 
d a a t a Koaa, Ck 93401 
(707) 528-1000 

DATSr 

)«t2ANA ! COftS t&LS 1432-llA 

DAILY i t p a w s 

DA^S SZ9C8 î PITDt 

TI«2t 

BSfTBt 

?OOTAi^ 9U&L5D SZ9CS LAST ftS70KS« 

C0*0tS?«T5i 10 /20 /88 

iO/21/86 

WOtltia^ • t u c k p i p » , d r l l l a d through Ult* 
B r i i i a d 13-^ " «f lafe« !«»* d i i h t . Saw d r i i l a r oa a t 
s h i f t ohaftga. S«« d r i l l * ? t ry l f l f t o t t o o v a laafc of b i t . 
Diaggipg ap b o l * «««i i»49#d i a « l d a . CatchiRS on i t a b i l i s a r 
abova ooxa S a T r a i . 6Qfc b i t out of way, rods s p i n a i a g f r a a - -
d r i l l i n g *h«ad, Aa of nooa, d r i i l i n g a t 11S2 ' . 

C0» CTC- HHR, ffV, FT, D« 

TOTAL ESTIMATSD COST TO OATKt «63,00a 



'Ogp '^W^Wft raa^ j .n , 

CALIFDiSlIA 2?mSOT CO«yA««, IBC, 

Etetat lO/20/gg "y^* t r a u ^ o i a ^ i o n i p^3«a* 

TOJ Suaan Fraa twloh T e l a o o ^ i a r 8»i (3085 S2f-0S24 
0 . a . &aptartJ»©at of Sasney , X& Ceof i r aa t iwa B e m i c a t 52€-iS03 

TOt « ika Wright Ta lecopiex Bot (801) 324-3453 
Uniw»e#tty of Otaft Rasaaseh CoRf i roa t ioo Betht 324-3432 
Srva t l tu ta 

T r a n s m i t t e d 8yt Seaja Rath T« lecop i» r 8ot (7075 524-8304 
C a l i f o r n i a Eiiargy C o . , Iiw:. 
3333 n a a d e e i n e Avany*, S u i t a 100 
Saaka Ro«a, CA 93401 
(?0?} 526-1000 

V « « « « « « « « « « ^ ^a a* w> ^ 

f̂AZA«A I CORS HOLS M21*llA 

DAXL̂  RegQRT 

DATS I DA¥S SIHCl SPtlDi 

TXK6t 

ftJOTAO? DRILLSS SI»CS LAST RS90ST* 

PBRCSKT ftSCOVEIttfi 

COMJCSFTSi 1&/17/86 Shut down by BLM f o r i a a t c i r c u l a t i o n . Fought l o s t 
c i r o u l a t i o a a l l day. 
10/18/g& C i r c u l a t e d dowa t o bottom and ba^ati d r i l l i n g § 0330 a.m. 
Cut 2 ' of c o r e , i n n e r oora Sjerrel s tuck in rods bBcauBB of l o s t 
c iEdu l f l t ioa ffiatasial. Tr ippad out to f r«« inne r QQT^ o $ r r a l . 'Tripped 
back i n , r&ached bottom g 1000 hxfl» T o t a l t ima lOSS dU® to f i fU t ing 
l e a t o i r a u L a t i e n i a 61 h r a . At 230Q hxsL, r«pO£t6d 50% r o t u r n a . Hatl 
tepar t f td t e inpara tu ra of 144"? (3HT) i 1 1 0 6 ' . At i2»00 a.m. fitUOk rods 
g 114$». 
1 0 / I f / a s Spent v h a l e day t r y i n g to f r a a rods* R«tri«v»d inne r aoce 
b a r r e l u s tng NQ rod AAd brought baoK o u t . Rods s t i l l fftuqic t b i a a.or. 
(IQ/SO/efi) . 

TOTAL iSTlPtATSiJ COST TO OATSt $78,000,00 JI ,Ptari42 

^V» Dava WnrWmsTi 



CA£k278&e}ZA B » S 8 ^ COffi>JM«T» 19C. 

TBLBCPPg TMHSWrTTAL 

Datai 10/17/86 This tnuunEklaaieB 1 p a s a a , 

TOt auaajk Pr*tf tvl«ii T a l a e e p i a r Kst (30«) 924-0934 
0« S« Dapta r to t sa t of Baacgy, ZD Co&finafcles S a m i o a t 5S4»1S03 

fOi Mika wrigat Talacropiar eia( <802} 524-3493 
Onivaraity 62 otah Kaaaarch Coof IxAanot* la t^ i 924-3422 
xnat i ta ta 

T r a a a n l t t ^ 87g Son-ta Rat-h Tal«o©iar HOI (707) 524-0504 
calilaa&ia Eiuurgy Ca., Xaa* 
3333 KaadtMsioo A»ana«* S«lta 100 
$aata Ro«a« C* 9S401 
(707) 526-1000 

«A5A«l I COafi MOLS MSX-ilA 

DAILY RggQUT 

DATSf QSAI9 USQt 490Dt 

TlHSi 

DSFTHt 

9>0QTA£» OBXLLKD ^XBfifi LAAT SSfOSTt 

f t m x t V WSCOVSIWs 

co»t»HTSi Total 36 bra. mixiag mud fox loat olroulatloat Hava raturos now. 

JLF<8rt42 

TOTAL SSTIWATSD COST TO DATBi $77,000.00 

» y » — p f l Y g woiitenftR _ _ 
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l l l l » M W 

Datat 10/1^/$$ 

CALzrosru vsv&ss. oamASK, inc . 

TgLtgQgie TgAaWTTTAL 

thia trmamttdMaiou ^ pa^as. 

TOI 9u4sn >Pa«twioa 
a. $. Daptartsiaat of Kaar^y, ID 

TOt HlKa Wright 
9ai9«7city of Ota)) Kaaaaroa 
inBtifcufca 

TranaiBit tad Byt Soaja Rath 

Taiaooplae Vkfx (2Q«) 924-0924 
Coafirmatloa Baralaai 924-1903 

Tali»opiar Sai (801) 524-3493 
coaflrsMtioa Bath» 924-3432 

T a l a e o p l a r Soi (707) 928-0904 
California fiaar^ Co., ino. 
3333 naadoeiao Avaa^a, sa i ta 100 
Sao ta ROaa, CA 9S401 
(707) 5 2 i - i 0 0 0 

SATSt 

tI«Sf 

OETTHf 

10/13/86 

lli45 a.m. 

1042' 

JSiSAHA 1 COSE ttOLS H l t - l l A 

DAS9 4Z(SCft SPtJDi 

K>OTa(S OfttLLSd SUXB LAST H^OSX} 

psscfis? ssmvBSft 

COMKERTSi La«t temparatura taJtan I 1006' (SHT^ and It vsa liO*F. 

TOTAL ESTIMATED COST TO DATBt 570,000.00 



TgLMXWT TIAWSfilTTAL 

Mt:a« 10/14/88 T&la t r aaam iac loa 1 pai^aai 

t o* 8uaaa r raa twieh Tdaaap l a r poi (209) 924-0924 
0 . »• DaptartuHua of Snargy, ID Ca»<iirwatloa Baraleat 924-1503 

TOe Mlka Wright Taiaoa^iar tSoi (801) 524-3493 
Oa l t^ ra i ty of UtaH Vavaaxob Coaf irmatloa eattit 924-3433 
l a a t i t u t a 

TSanaalt tad ttvt Sonja Rath Talacopiar Bo: (707) 524-0504 
Ca l i fo rn ia saarey CQ.^ £ao* 
3333 Naadoeino Avaaua, Sa l t* 100 
Santa R(Wa» CA 95401 
(707) 526-1000 

NAZAKA I COKS. HOLB tai-XlA 

DAILY W?0»r 

QATEt DAYS S Z ^ S SPQDc 

TIMBt 

D69THt 

toasajx DWLjjusn BXBCS LAST SEPOBT* 

yiMlUT RSCOVatYi 

CQHMBMTSt CO£r««tioa* Oa 10/11/86 vbioa wae talaoojiiad oa iQ/i3/88r mu^ ter^. 
waa not 132"—it was BHT that was 132**? unstobllizad. 

10/14/86. Curraatly dcliiia? t 9 5 i ' , Laat tampaxatura waa i 890' 
and waa 98*7 unatablliaed. Drilling w/o circulatioa. Lost cizculation 
§ 600' - 890', 

4 

CrLF«ar«42 

TOTAL fiSTltfATED COST TO DATSt 

Byt 



cALzroiMZA BnmoY eo««PAitt, i w : . 

TgLKCOFY TttAggMITTAL 

Datat 10/13/84 

90t Suaaa Fraatwloh 
Qr S, aaptaztswat of Enargy, ZD 

T0» Hifea w r i ^ t 
O n l v s r a i t y of UtRh {tasaazch 
l a a t l t o t a 

Ttaf lsmlt tad Svt Sottia Rath. 

T&la t r a a a f t l s a i o o ^ iwgaa . 

T a l a c o ^ l a r no* (208) 524-0524 
Coofix^iatlea Bara lca t 534-1S03 

T a i a o o p l a r ao« (80 l ) 524-3453 
Csafirftafcioa Batht 524-3432 

T a l a e o p i a r 86t (707) 534-0904 
C a l i f o r a i a Saaxgy C o . , I n c . 
3333 Maadoeino Avaaua, s u i t a lOO 
S a a t a Raaa« CA 99401 
(707) 528-1000 

MANAMA Z CORS »OLS KDZ-21A 

DAILY Rg»OaT 

DATBi DAYS SIKCK 85UDi 

TlKSt 

oeFTHt 

FtXrSfiGB oaiLLSD 6IPCS &AST BXTOftTt 

PBUCSHT RflCOVSSWj 

flOt»aST3i i O / i l / e e D r i l l i n g anead and § 640 ' aud tampara tura 9 iSa*? . 

10/12/66 Drilling ahead $ 85«'. 

l0/l3/8« « I0t40 a.m. dxiiiittg S 870' aad rtocourrlng 10«t 
ciriiulatlon. 

JLF«sri41 

TOTAL ESTIHATBD COST TO DATEi $63,000,00 



CALZfORtUA SfSKCrY COM?A«lY* i m i , 

TgLECQgt TBMISHrwaL 

Datai 10/10/66 Thla t r a a s f ^ s s i o B 1 pagaa* 

TOt SMmmA ffraatvieb Ta laoop la r not (208) 924-0924 
s . s« Oq^tart i tMat of saargy^ 10 C o a f i m a t l o a S a r a l e a t 924-2903 

TOf Kika Wright Tal*copi*r- Bo» (801) 524*3453 
t i B i v e r s i t y of Otoh i M a a r o h Coafirffiatloa $«th« 934-3422 
l a « t l t u t a 

T r a n a m l t t a d B»t Spaja Rath T a l a c o p i a r Bo* (707) 524-0504 
C s l i f o r s l a E a « r ^ Co*, InO* 
3333 ftendooiae Avaous, S u i i a 100 
S a a t a Itoaa, CA 99401 
(70?) 524-1000 

taZAMA I CORE iffiLS !CZZ-1IA 

DAILY RBPOBT 

DATBt DAYS SZKCE S?90t 

TiKiai 

FOQTASS OitiiASJf jFISCE lA&T &S9Q9S* 

PERCSZr? RSCOV^Yf 

CO(#asnTS( 10 /9 /84 Replaoad t r aaamls s iDn motoi: ODoaAbly. 
10 /10 /86 s t a r t e d d r i l J i a g about midn igh t . 

D r i l l e d o u t cenwot on toottom, bagan c o c i a 5 , 
14 ' oorad by 2«00 p .m. 

JLfT*iJt42 

cc i CTC, HHR, <SV, RT 

TOTAL SSTZHATBO CO«T TO DATE* 

^y ^««-—— 



Datar iO/S/86 

CALITOBflZA SUgOY COffAttY, IttC. 

TgJSeoyY ygA«gHZTTAL 

Thia traaa«l8«ioQ i pagaa* 

TOt Suaaa ffraatwloa 
0 . 5 . Daptart«»at of Eaargy, tn 

TO* Hika Wright 
Uaivoraity of Dtah n^Hm^t^U 
Xaat l tu ta 

t r aasmi t t ad Sv> Soaja Hath 

Talactoplar no* <308) 524-0924 
CoafirHtatlon Barrsica* 52fi-lS03 

Talaoopiar HOT (801)924-3453 
Coafirftiatloa Sathi 524-3432 

TalaoMSpiar Sot (707) 528-0504 
Ca l i fo ra l a Boargy Co., I n c . 
3333 t4aadociao Avaaua, $ul to lOO 
Sasfca 8ssa , CA 9S401 
(707) 326-1000 

nA2A«(̂  t CORE t&>LS H3I-11A 

£ t̂lLY SSWRT 

DATBi 

TlKSi 

DAYS S2«CS S»ODi 

POOT&CS ORILLSB SIKCI LAST ^fORTi 

CO*«E»ITai 10/7/84 
10/B/B6 

Repl90ad valves in preparation for 809 ts*t. 
BOP'8 tastad aad aald, OfltnasBad by Dezmle Simontacchi 
of BLM* waitiag for aaw tcaasiassioa for rig and 
ahould be drilliag ebaad oa 10/9/84. 

JLFtBrt42 

•ci etc, ttHJt, (JV, RT 

TOTAL ESTIMATBD COST TO DATEi 

Byt _̂___ 



DC t a t LO/$/96 

CALlPORKtA mSSSf COHPASY, IRC. 

TSLlCOgY TBAIJSHITTAL 

Tbl» t r a a s m i i c l o a i paga«. 

TOx Susas P r a s t v i c b 
0 , $ , i>eptartibaat of Eaar^y , I D 

TQt Kika Wrigbt 
U n i v e r s i t y of Utah Resaaroh 
I n s t l t u t a 

T s a u i m i t t o d Bvi sonj& Ratb 

T a l a o o p i w tfot ( 208 )524 -0524 
CoafirmatioQ Sara ioa t 924-1S03 

Ta iaoop ia r Hot (801) 534-2453 
Confirmatioo Bath? 934-3422 

f e i a o o p i a r Bo» (707) 528-0504 
C t l i f o r a i a £n*rgy Co.^ l a c . 
3333 Maiidociao Avaaua, S u i t a 100 
Santa Roaa, CA 95401 
(707) 326-1000 

t<{ASAMA I Colts BOLS MSI-llA 

DAILY RETORT 

DATSt DAYS Slf^CJB SfOOt 

TIMEi 

D p T H t _ 

rOOTAOf D J M U J E ^ S inCH U i S T RSPOBTt 

?BRCS2«T RSCOVmSYi 

CO«MK«T6« 10/4/Sfi Hola prasf lura b l ad off c l o v i y sad did ao t pacf ^ P t e s t . 
Daaoi t Ddvio and Daani9 s imca tacob i of SI>H ware both peaEani 

10 /5 /66 KOJ-a 9 t l l l d id not hold pcesf iurs . Daoni* Simoataoobi 
wsi aga in p r a s e n t . 

10 /6 /85 D r i l l i n g out p lug oa bottom and a a t t i n g naw oetnOht plug 
DQ JDottors. s? i l i po«» lb iy rue SOP t e s t again tomorrow. 

TOTAL ESTIMATED COST TO DAT«t 

By I Dave Workman 

$50^000 



CALirOIWZA SmSSY CO î̂ ARY, ISC. 

TttEJBKtfT TftAWSlgTTAL 

Datat IQ/3/8S ^^^* t r « i a « l a a i a a i pagas* 

TOt Susas »xaat%rlQh T a l a o o p i t r f)a» (208) 836-0924 
D. s . oaptartmaat of xaargy, ID coaflmatlcM» Baraleat 924-1903 

TOt Hlka Wright Ta i aoop i a r ^ i (901) 524^3453 
O a l v a r t i t y of Ctah Beaeareh CoQfirti»itioa Batbt 524-3422 
i n a t i t u t o 

Traosn i l t t ad 8y; Son1a Rath Talacof i iar Sot (707) 524^0504 
C a l i f e m l a Snafgy C o . , I n a . 
3333 Kendeelno Avasua, S u i t * 100 
Santa i^oaa, CA 95401 
(707) 526-1000 

MASAKA £ CORE S7LK KSI-ZIA 

DAILY RggQBT 

WTEt DAYS 8 2 ^ 1 SfitOt 

TZKSt 

DWT»i 

P00TAI2S DBILLED S l t ^ B LAST BEBOfITt 

PBBCSitT RSCOVEBYt 

COrtMSMTSi 10 /2 /86 Cofl^iatad r i g g i n g u p . T r i ad t o t e a t WW'a aa*!? a f t a r a o o n . 
Did n e t ho ld p r a a s u r a . Danola Davia and Daaala SiaoOtaccbl of 
BLM vBtB )»Otb witDBSBSB. 

lQ /3 /86 B a t a r i n g i n t o h a l o t o p u t d r i l l s t r i n g dowti. Push p lug oa bot ton 
and p u t a a o t a e r cement p lug oa top of t h a t . Walt t i l l i t M t a UI 
and t e a t BO?«i OB 1 0 / 4 / 8 4 , midday. 8Lrt w i l l agaift b« p r a a a a t . 

.}LPi*ri42 

TOTAL BSTIKATfiD COST TO DATBt $45,000.00 

Bvi Dave Wortoaa . 

cot CSC. «HR, GV, RT 



Dtttat 10 /1 /86 

CALIFOfWIA S»BRCBf CO«?A«Y, IBC. 

TBLECOM T^ABSmTyAL 

Tads t r ana r t i a a ioa ^ p«ga«^ 

TOi Suaaa Sxaatwiioti 
0 . S . & o p t a r t » a a t of Energy^ ID 

TOt Kika Wright 
U a l v a r s i t y of Dtaib Btaaaarch 
X a a t i t u t a 

Ta i aoop i a r Hot (208) 524-0524 
Coafirmat loB Baraieat 928-1503 

T a i a o o p i a r 8ot (801) 534-3453 
ConfiriRation Bath« 524-3433 

Tianamit t t td Bgi Spa^c Rath 
C a l i f o r a i a Enargy Co-, I n c . 
3333 Mandoeiae Avaoua,^ S u i t s 100 
S&ata Roaa, CA 95401 
(707) 526-1000 

T a l a c o p i a r Rot (707) 526-0504 

MASANA I c o t s m h S NZI-l lA 

DAILY REPORT 

DATE I DAYS SIHCE SlUJDf 

T l« f i . 

DBTTHi ^ 

?OorrAras D R I L L S D S I « C B tA«T REPORTt 

? B R C S ^ B9S»3VSlYi 

Cot*fflHTS» BOP ' t i n f i t a l l a d 9 / 3 0 / 8 4 , W i l l b e moving r i g on t o d a y 1 0 / 1 / 8 6 . 

JLPia r i42 

TOTAL ESTIMATRD COST TO DATBt 

a?' . 

ea t CTC. RHR. GV, RT 



Datat 9 /30/86 

CALZrOfifllA BSSSSY COMFASY, ItfC. 

TELJWQPY TlUWPgTTAL 

Thla tranamlavloa i pag4M. 

TO* Sucaa Praitwioft 
0* s* Daptartinaat of Baargy* ID 

TOt Kika Wright 
O n i v a r a i t y o i Utah BaatATOh 
i B s t i t u t a 

• ^ ^ - • • ^ F " ^ " 
Tranamlttad Byt Sonla Rath 

California Eoargy CQ«> Inc. 
3333 Maadooiao A9«tus, Suits 100 
Saata ao«a, CA 95401 
(707) 926-1000 

Tala«<9lar set (304) 924-0934 
coofirmatloa Paraloat 936-1903 

Taiaoopiar KOt (601) 524-3453 
coafIrmatloa Batht 924-3423 

Taiaoopiar tsot (707) 526-0904 

KAZAKA Z Q0«& («LS REl-llA 

DAILY RSPOBT 

DATSt DAYS B2HCS SFQDf 

TIMSt 

I»PTHf 

FOOTAOE DRILLED SITOB LAST KE90BTt 

PS^BMT BBCOSrStYt 

CoeficBlfTS* 9/29/S6 c o s ^ l e t a d c e l l a r , waldad oa f l a a g a , novad dogbousa OB a l t a 
w / i n a t a l l a d r a d i o . RTC a a a t wrong s p o o l . Wi l l ba c o r r a o t a d hy noon 
today » /30 /B6 . 

TOTAL E9TIMATRI> COST TO DATBi $^9 ,000 .00 

Byt Dava Workmaa .*___. 



CALI7Q9SIA ISEB^ COî AllY, IHC. 

TSLECOBY TBAWStttTTAL 

^tat 9/29/88 T&la traaaeicaidB l pagaa. 

TOt Sttsaa Praatwioh Taiaaeplar ffat (208) 926-0534 
O'. 8, Daptartffwnt of Sa«rgy« ID Coaflrmatlonk Baraleat 926-1903 

TOt Rika Wright Taiaoopiar Hot (SOl) 534-2453 
ffaiyaraity of Utah Basaoreh Conf iRBation Batat 524^3422 
Instituts 

Tranamittad Byt SOhia •Bath Talacopiar Soi (707) 526-0504 

CalifocTila BAargy co«, lit«. 
3333 KaQdBcino Av90Ua> Suits 100 
Saata Roaa, CA 99401 
(707) 524-1000 

MANAMA 1 COBS OOLB MZI-llA 

DAILY RSPOST 

DATSt 9/29786 DAY6 SZ»C& BBUOt 

TlHEi 

repT«f 

FOOTAI» DBILLB& 91»CB LAST BBPOBTt 

SERCEWT RKWVEBYt 

COMNEBTSt Dug o u t o a l l a c and o f f loaded M7'& oa 9 /28 /86 . 
frtoviag r i g i a aad r i g g i n g up today and tottorrow, 9/29/86 and 9 / 3 0 / 8 6 . 

5LFt»ri4a 

cct CTC, BHR, GV, RT 

TOTAL ESTIMATED COST TO DATEi 

»Y. 



CALIFOSWIA EMKRW CWCFAtfY, lUC, 

TtLSCOgY TljAHEWrrTAL 

Datat 9 /23/86 Thla t raaa tn lac loo l p a g a s . 

TOt Suaaa f r a a t t r i e h T a l a c o p i a r (Set (209) 926«0534 
t7< St O a p t a r t n e a t of Baargyr ^0 COafinMitloa B a n i e s i 926-.1SD3 

TOt ttika Wright Ta l acop i a r Boi (801) 524-3453 
OBlvezs l ty of Qtah R a t a a r c b Caafin&atioB Batbi 524-3422 
x a a t i t u t a 

T ranami t t ad B?* Soaja Rath T a l a c o p i a r ttoi (707) 526-0504 
C a l i f o r n i a Eoargy Cor , l a s * 
3333 Kaadoaloo Avaaua, S u l t a 100 
Saa t a Boaa, CA 95401 
(707} 526-1000 

KASAHSi I C08B ttOLS KBZ-ilA 

WaLY REeOitt 

DAT$« 9/23./S6 MYB BZKCB 6?UDt 

TZISt 

OSPTHt 

FDOTASfi DRILLED SZ»CS LABT BE90RT: 

BSBCBItT BECOVSBYt 

COWiKTBt Temporar i ly auapended t i l l oo ra r i g mvoea Oft a s of 9 /16/86, 

R;U'i«rT42 

c c t CTC, HHR, GV, RT 

TOTAL BSTIMATED COST TD DATBi 

By. 



QALlWOmik ESSMQ'i COHfANY, ISC. 

TS&K:OgY TBAflgl^TTAL 

Datat 9/19/Qg TBla t r s a a m i a a l o a i p a g a s . 

TOt 8u«8B PreBtwioh Ta iaoop ia r Ka» (308) 524-05a< 
u , S . DaptartB>eat of s p a r g y , I D Coofi tnwtion Baraloat 526-1503 

TOt Hika Wright Ta i aoop i a r Soi (601) 524-3463 
U h i v a r a i t y of Dtah a a a a a r c h Con l i r t aa t i ea Batht 524-3422 
i a s t i t u t o 

Tranarol t tod Byt Son1a Rath T a i a c t ^ i a r Hat (707) 526-0504 
C a l i f o r s i a Enargy Co . , I n o . 
3333 «aadooino Avanua* Swlta lOO 
San ta Roaa, CA 95401 
(7075 526-1000 

KAZAMA I CORB HOLB H31-11A 

MiLY gggoay 
- - i W . » i l « I W , 1 l ^ i - f c i - ^ J i i J ^ ^ 

DATSt 9 /18/84 DAYS Sim:B SFUDt 4 

flKEi 

DE?TH»-

fOOTA^as 0^ItZ>EO SZBCS LAST RSTOBT* 

SUKEST RSCOVIERYf 

CC^#(teT8t Back f i l l e d w/ l« f e e t cemoot. Put i a frofa aurfaos^ 
Witnaasad by Daonia s i m o n t a c c h i . 

JLF:»r t42 

TOTAL SSTIMATBD COST TO DATS; 

8 y ' „ 



CAL2rO«2»IA 8KKR5Y CO?G?AHY, IKC. 

TELBCOgY TaA«SK|TTAL 

Data* 9/19/66 Ttiis transAiaaion i paga«. 

TOi Susan Praatwioh. Talacopiar So« (208) 526-0534 
U. S, Daptartmaat of Enargy, m Confinr*atioa Baraicti 524-130$ 

TOi Mika Wright Talacopiar Sot (801) 524-3453 
Univaraitf ef Dtab Baaaarob Confirmation Batht 824-3422 
Instituta 

Traa/imlttad Syt saaja B»».h Taleoopiw ROi (707) 526-0504 
California Esargy Co,, Xaa» 
3333 llaQdOCifiO Avaoua. Suits 100 
Saata Beaa, CA 95401 
(707) 526-1000 

MAJtAMA 1 CORE HOLE M2I-11A 

DATBt 9/17/66 {Bevlsed} DAYS SZSCE SPUDt 5 

TIHSt 

DSPTHt 

POOTA^ DBILLBD SIHCS LAST RBTOPTt 

PBm:B»T BSCQVBRYf 

COttĈ T̂St Rig up and run 18 3tS, 575*, 4-1/2' 11.6# N8Q, B Rd. Lt & C 
oaaing. Landed I 575' and circulate witb mud, ceawat with 
Halliburton 3 bbla. Hj^ ah««d of 275 CU. ft. Claaa Q Caaient w/lil 
Parlita, 3% Gal^ Di»piac«d top plug to 545' w/8.4 bbla HjO. 
Plug in pleioa 3;00 P^m. 9/17/84. Good cement raturna. Approxiraataly 
lOD aUf ft. Witoessad by Steve Handerson and Dennis SiROBtacchi 
of BLM, 

RAS';Hr;42 

TOTAL BSTIHATBD COST TO OATBi 

By« .-



CALtPOR»tA CH1ER5Y CO«©A«Y, ISC . 

XStgCOPY TRAH5f<ITTAL 

D a t a t 9 / 1 8 / 8 8 (RBVISBD)-9 /17 /S6 T h l a t r a a * B i a a i o n 1 p a g a a . 

TOt S u « t a P r a a t w i e b T a l a c o p i a r Rot (20S) 526-0524 
0 . S* D e p t a r t i n e B t of B n a r g y , I P C o n f i r m a t i o n B a m l c a f 5 2 6 - 1 5 0 3 

TOr H i k e W r i g h t T a l a c o p i a r Dot (601) 5 2 4 - 3 4 5 3 
t t o l v a r a l t y Of Otdh R a a a a r c h C o n f i r m a t l o a B a t h t 924-3422 
l a s t i t u t a 

T ranami t t ad By» Sonia Rath Talaoopiox B0« (707) 526-0504 
Cal i foz-nis Energy C o . , l a o . 
3333 Handoolno Avaauf, S u i t * 100 
S a a t i Roas, CA 99401 
(707) 926-1000 

t̂ lBAMA I COH& HO&E MZI-llA 

DAILY RSPQiff 

» T S i 9 /17/86 REVISBDI DAYS SlfiKE S P U B . 5 

TIWEj 

DS^THI 

FQOTASE DRILLED SI^S LAST REFOBTt 

PEBCan* RBCOVEBYt 

COHKBSTSt Ran 18 jta. caaing to 576' 11.6| 4-1/2" LTC H-SO landed « 57»». 
Camaatad w/275 £t.^ Cia»» G iti pgrlita sad 3* oal, good taturaa, 
over 100 ft.^, flnlflfaad 3tO0 p.m. 

TOTAL BSTIHATBD COST TO DATfii 

^ y 



Qtti.lTOWlK BMSRSY COnPAIff̂  IBC, 

TBLBCPgY TBAgSWlTrMi 

Detai 9 /17 /86 This t swaa t t l as loa ^ pagaa . 

TOt Suaan Pras twlCh Ta i aoop i a r Bat (208) 926-0524 
y . 5 . D « p t a r t n » a t of Haargy^ ID COBfirwatlPa BaroiCat 526-1503 

TOt Hike Wrigbt T a i a o o p i a r BOt (fOl) 924-3453 
Onlveralty of otaa Baawuch Cwifinftafeioa Batht 524-3422 
l aa t l tu t a 

Iraaiwlt tad Bvt Sonja Ratb. Talacopiar Rot (707) 526-0504 
C a l i f o r n i a Boargy C o . , I n e . 
3333 fteodocino Avaaue, S t t i t a 100 
S a a t a Rosa, CA. 95401 
(707) 526-1000 

HASAMA I COBE UOLE » a Z - l U 

DAILY sagQCT 
a a ^ * ^ - ^ " ^ ^ ^ ^ - * * ^ " * * * ^ ^ ^ * 

DATSc 9/17/86 DAYS SIBCE BPODt S 

TZKSt 

rOOTAl» DRILLED SlftCB LAST RE?ORTi 

FERCSt^ RBCOVBXYt 

(KJMMSKTSt Ran 4-1/2" surface casing oaBWntod *f/Halliburton v/1004 «RC««B. 
fuii ratums. 

Daily report* suspended until arrival of oora rig. 

TOTAL E3T1KAT8D COST TO DATEi 

By I 



n [ ill mil TT I I . I I I I • Jl .IL I HUM • ! IMIl'lllll 

. SALfFOi^lA. m m & Gpf^AHY, ISC* 

' fe tsf . w/l§JM§ ' •' Tb-is: tsf®iii^l«#4o& • 1 ^ g a a - . 

TGs SuBBB f r s s t s t a h T« lacop ia r Mot (2SS) 914-0524 
»1. S* r ^ p t a r t H ^ s t of Eoitrgy, ID SsSsflyidatioc Bemisa* 936-1103 

f-, , fOi Mike S r i g b t T®i&espi«r MOi ..• ( 1 0 1 ) 5 2 4 - 3 4 5 3 
.4f tfalvarsity of otali Saiftsrsh Ceftfinaatioa isth* S34-3422 

Jas t l tu ta 

Tranamittad Syt So&ja Ratb Talaaopiar Hot (707) 516-0504 
California BRorsry ce . , l a e . 
1313 ^ndoeias. 4^@aae^ Sal ts 100 
i a a t s iDsa , CA 95491 
(7Q7) 526-1000 

^ • j ? , 3 /16/86 SAYS SlMCS SinjD? 4 

TIMSf 

l ^ rSHt 550 ' 

HSnAQB DRlLLBU B2SC5 LAST RBFORTi 

PSRCH8T RECpVBRSt 

COI^^STSi D r i l l 7 -7 /8* h o l s t o I S O ' . C o a d i t i o a i a g bo la . g r epa ra t e ry t o 
raaaiBf 4-1/2^ surfaoa ossiug. 

P e i i f ? 4 2 

001 CTC, s r a , G\% BT 

TOfSL MTIS&TID COST TO DATBt 

S«»_ ...̂  . _ ^ , 
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January 7, 1987 

Mrs. Eli'zabeth M. Bowhan 
Chairman 
Source Evaluation Board 
Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho Falls, Idaho 83402 

Dear Elizabeth: 

As per our earlier telephone conversations, it became necessary to suspend 
operations on our cost shared Mazama Deep Temperature Core Hole M2I-11A located 
.in Klamath County Oregon. This action was necessitated by drilling conditions 
which precluded the Comipany from: complying with stipulations mandated under our 
drilling permdts. A m.ore detailed explanation of the technical situation is 
contained within the attached relevant correspondence between California Energy 
Company and the Bureau of Land Management. 

We intend to resum.e work on MZI-llA in the sum.m:er of 1987 and request your 
concurrence with that as well as already accom.plished actions. 

In view of the fact that California Energy Company has spent a substantial 
amount of funds in addition to those submitted to DOE for cost share at 
milestone one and because we have.not yet reached milestone two because of 
factors beyond our control (1500 feet depth) and will be unable to proceed to 
reach that milestone until the sumjner field season, we respectfully request that 
California Energy Company., Inc. will be permitted to subm.it to DOE all well 
costs incurred to date that were not submitted under m.ilestone one. 

In regards-a secord m,atter, you m.ay be aware that we have; already drilled 
hole and cem.ented approxim.ately 450 feet of- surface casing for our MZII-1 Deep 
. Tem.perature Core Hole located within the Klamath graben and'im.m.ediately 
adjacent to Mt. Mazama. As we discussed earlier, we would be interested in cost 
sharing the rem.ainder of that operation (i.e., core to ±4000 feet), with DOE if 
you are so interested. 

'Vexy truly yours, 

James L. Moore 
Senior Vice President 
Exploration 

JLM:sr:42 

Encs. 

cc: •-Susan Prestwich 

3 3 3 3 - M E N D O C I N O A V E N U E. S A N TA R O S A , C A 9 5-10" , ( 7 0 7 ] 5 2 6 - 1 0 0 0 TELEX M- 5 1 0 - 7 4 - 2 - 2 0 
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November 12, 1986 

Mr. Bob Fujimoto 
Division of Mineral Resources 
Oregon State Office' 
Bureau of Land Management, 
825 N.E. Multnomah St. 
Portland, OR 97201 

Re: Sundry Notice Request for Modification- of Drilling Stipulations 

Dear Bob: 

California Energy Company,. Inc. (CECI) submits the attached Sundry Notice for 

BLM approval and requests the following changes be incorporated into our Mazama 

I and Mazama II exploration permits: 

1) Maximum allowed hole depths be extended from 4000 feet to 5500 feet. 

2) Drilling (coring) be allowed without fluid returns (circulation) 

to surface. 

We feei these changes are.necessary in order for .us.:tO proceed with a prudent 

and scientifically valid exploration and data recovery program. The following 

discussion explains our request in further detail. 

Background 

The following quotation is taken from California Enerav Comoanv: Geothermal 

Exploration' Briefing Paper attached to modified Plan of Exploration dated 

February 21, 1985. . 

Z A I i F O K 
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Drilling Concerns 

Two drilling uncertainties are associated with any drilling alternative: 
the potential for water flowing within a hole between aquifers with 
•different pressure heads; and the potential for a blowout (uncontrolled 
emissions of flui-ds and/or gases from a. well). 

There are,no guarantees that either event would not occur; however, 
standard design features that would be incorporated into any drilling 
permit minimizes the potential for either of these two occurrences. In 
addition, it would be prudent to incorporate the mitigation measure 
regarding intermingling of ground water (see discussion in the 
environmental uncertainties section above) as contained in the letter 
from, the Director, USGS, to-the State Director, even though this measure 
is a standard design feature. Reiteration of the USGS mitigation measure 
would: acknowledge the consultation and cooperation of the USGS; notify 
those parties concerned about the hydrology of Crater Lake that the BLM 
has treated those concerns with high regard; and. single out this standard 
design feature as being more important than some other standard design 
features. 

CECI believes the stated concerns of preserving-ground and surface water 

quality, as contained within the modified POE and its attendant EA is of 

critical concern to all parties. However, CECI believes'that the GRO's more 

than amply address drilling/coring/abandonment procedures which adequately 

achieve those objectives. We are not aware of any exploratory core holes within 

the Cascades which have even remotely presented any substantive pollution threat 

to either ground or surface waters. 

In the MZA I-llA co.re hole, 4-1/2 inch surface casing was run to approximately 

550 feet and cemented-back to surface. The shoe of this surface casing was set 

well below the contact between the Mazama ash and the underlying fractured 

crystallic basement. In the process of coring out from beneath the 4-1/2 inch 

surface casing,' circulation was lost within the first 100 feet (drilled depth of 

650 feet). The standard definition of loss of circulation is that drilling 

fluids do not return back to the surface through the annulus. Under typical 

coring operating conditions, the drilling fluids instead of returning to the 

-2-



surface flow into the formation because the hydrostatic head of the annular 

column of drilling fluid exerts a greater pressure on the formation then it is 

able to contain. In the Mazama I-llA hole, the process of pumping drilling 

fluid into the hole through drill rods at the normal rate while coring of ten to 

twelve gallons per minute resulted in the establishm.ent of a "false fluid level" 

at approximately 600 feet. It- was at that level where t.he hydrostatic head of 

the drilling fluid column exceeded the containment ability of the formation. At 

that approximate depth, the fluid level remained essentially static regardless 

of whether fluid was being pumped into the hole at the normal circulation rate 

of ten to twelve gallons'per minute or left to stand without pumping. The 

drilling records show there is no indication of formation fluid entering the 

hole and hence we have not yet encountered any water-bearing portion of an 

aquifer system. Our evaluation of the recovered core shows no evidence that-

distinct horizontal or subhorizontal lithological or structural features ( i.e., 

inter flow boundaries or the like) are present in the immediate area. 

.It is our considered opinion that.there are no substantive technical reasons to 

require circulation of drilling fluids as a condition precedent to continued 

coring operation at Mazama. In fact one of the primary reasons we elected the 

coring process as a means of gathering subsurface data in the.Cascades is that 

we expected to lose, circulation in- the fractured crystalline rocks postulated to 

be.found there. Coring was selected over drilling because even with.a continued 

loss of drill fluids during the coring process (which is a standard operating 

condition for coring operations) less drilling fluid would be introduced into 

the formation, by the total coring process than could be lost in a single lost 

circulation episode utilizing containment cementing which is a standard 

procedure with a conventional drilling rig. 

-3-



We are aware of- the political sensitivity to any geothermal operations pro.ximate 

to the Park boundary. Hopefully, such political problems' can be answered 

through a reasonable technical analysis of the potential aquifer systems and 

what constitutes a "real" potential pollution threat to them. Since no 

substantive data have yet been collected defining parameters of potential 

aquifer systems, CECI recommends that until data has been collected establishing 

existence of any aquifer systems and some knowledge has been gained regarding 

the. subsurface geometry, CECI be allowed to continue to gather subsurface data 

through coring. We believe that the CECI coring program will be of infinite 

value to the scientific community as it seeks to further understand the geology 

of the Cascades in general and Mazama in particular. 

If it is necessary to establish a geological/hydrological technical review team 

to evaluate this matter, we requested the opportunity to provide at least one 

outside expert member for that group.- Please contact me if you have any 

comments concerning this request and its attendant issues. 

Very truly.yours. 

d 
James L. Moore 
Senior Vice President Exploration 

•JLM:sr,:42 
Encs . 
cc: Steve Henderson, BLM Portland 

Dennis Simontacchi, BLM Lakeview 

Art Dufault, Winema NF. 
Marv is tump, Winema, NF . 

Dennis Olmstead, DOGAMI. 

Susan Prestwich, DOE 
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a) Change permitted total depth from 4000' to 5500'±. 

b) Modify stipulations of Geothermal Drilling Permit to allow temperature 
gradient core hole drilling to proceed without fluid returns (circulation), as 
is standard safe and prudent procedure for coring operations. 

Core hole MZI-llA is currently completed with 575 feet of 4-1/2" casing cemented 
back tc s-jrface and HQ (3-3/4") open hole to 1354 feet. There have been 
indications of no groundwater produced into the hole and an artificial fluid 
level of appro.ximately 600 feet has been established through use of circulating 
pumps. 

We request these modifications be made applicable to all deep temperature gradient 
core holes defined within CECI's Mazama I and Mazama II exploration permits. 
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December 16, 1986 

Mr. Robert Fujimoto 
Division of Mineral Resources 
U.S. Dept. of the Interior 
Bureau of Land Management 
825 N.E.,Multnomah St. 
P.O. Box 2965 
Portland, OR 97232 

Dear Bob: 

The rather long winded explanation that accompanied my written request of 
12 November 1986 to allow us to continue coring operations at Mazama without 
circulation could be simply summarized by the statement: 

Maintaining circulation of drilling fluids in the drilling environment . 
encountered at Mazama•(i.e., intensely fractured crystalline rocks) is 
technically infeasible for a core type of operation.-

Very truly yours, 

lames L. Moore 
Senior Vice President 
ExDloration 

JLM:sr:42 

cc: Steve Henderson, BLM Portland 
Dennis. Simontacchi, BLM Lakeview 

Art DuFault, Winem.a NF ' 
Marv Stump, Winema NF 

Dennis Olmstead, DOGAMI 

Susan Prestwich, DOE 



January 9, 1987 

Ms. Susan Prestwich 
Project Office 
U.S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho Falls, ID 94302 

Re: MZI-llA Interim Data - Resubmitted 

Dear Susan: 

In accordance with your request, we are resubmitting the interim data. Our 
previous submittals on December 30, 1986 were inadvertently marked 
"Proprietary". 

Also enclosed are temperature data, not previously submitted as follows: 

. Temperature Gradient Survey, Data and Profile (Al Waibel/ 
Dave Blackwell) -

Temperature Gradient Survey, Data and Profile (LaFleur, CECI) 

Please feel free to call m.e or Jim Moore should you need anything further. 

Very truly yours. 

Qu^fLS^— 
Anna K. Carter 
Administrative Manager 
Compliance 

AKC:sr:42 K fc C £ 5 V • '^ 0 
CC: Elizabeth Bowhan, Contracts Specialist, DOE 

Robert Fujimoto, BLM - i% 1 4 -iQUl 987 
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MZI-llA 

WELL HISTORY/DRILLER'S LOG SUMMARY 



MAZAMA I,-11A 
Crater Lake, Oregon 

9/12/86 Move in and rig up Buckner Drilling rotary rig. Drill 8" hole 
to 24' with air foam. 

9/13/86 Drilling 3" hole from 24' to 370" with air and foam. 

9/14/86 Drill 8" hole from 370' to 575' with air and foam. 

9/15/86 Mix mud and condition hole. 

9/16/86 Circulate and condition mud for casing job. 

9/17/86 to Run in hole to 575' and circulate—pull out of hole. Rig up and 
9/28/86 run 18 joints (575') 4-1/2" - 11.6# N-80 casing with 8 round 

LF & C threads. Land casing at 575' and circulated with mud. 
Cemented with Halliburton, ran 3 bbls. of H2O ahead of j 
272 cubic feet Class G cement with 1:1 Perlite, 3% gel. 
Displaced top plug to 545* with 8 bbls. of H2O. Plug in place 
at 1500 hours 9/17/86. Good returns (100+ cubic feet). Job 
witnessed by Steve Henderson and Dennis Simontacchi. 

9/29/86 to Weld 6" - 900 series slip on casing head to 4-1/2" casing. 
10/7/86 Install hydraulic operated annular and blind rams BOP's with 

dual controls. Install Hydrogen Sulfide detectors and alarm 
system. Rig up Longyear core rig and work on BOP's. 

10/8/86 , Tested BOP's 1/2 hr. each at 700 psi, test ok. Witnessed by 
Dennis Simontacchi. 

10/9/86 Drilled cement from 545' to 575'. 

10/10/36 to Coring HQ size (3.50° OD) hole F/575' to 1354'. Fighting 
10/24/86 lost circulation. 

10/25/86 Run temperature survey. 

10/26/86 to Rig down and move off Longyear. 
10/29/86 . : . 

GG:sr:20 
Z6I32:A5 



POSSIBLE LOST CIRCULATION ZONES AND/OR WATER ENTRIES 

MZI-lla 

It is very difficult to determine exact locations of fluid loss or water entries 
in the hole during drilling operations. There was no fluid loss reported during 
the drilling of the surface (0'-575'); however, this was drilled with an air 
hammer using water and foam mix. There were no water entries in the surface 
hole which was dry to bottom prior to running casing. There was no observable 
loss of cement to formation during cementing of the surface casing. 

During core drilling (575'-1354') with light mud, a lost circulation zone was 
reported by the driller at approximately 640'. Upon review of the core, it 
appears more likely that the fluid loss was between 690' and 693' depth and the 
standing fluid level while drilling was about 640'. 

The attached temperature gradient profile shows a linear gradient in the top 
550' of the hole and the bottom 100' or so of the surveyed hole. The thermally 
perturbed portion of the profile (approximately 550' to 1230') does not suggest 
cold water entries because the temperature reversals are too minor. These minor 
reversals probably are reflective of zones where cold drilling fluid was lost to 
the formation. Since this temperature profile was recorded after only about 20. 
hours of stabilization, the minor reversals may be the best means of trying to 
determine where fluid loss actually occurred.- Inspection of the core suggests 
fluid loss zones .may occur at the following intervals: significant 690'-693'; 
major 966'-971'; diffuse 966'-971'; minor 1149'-1152'; minor 1160'-1162'; minor 
1263'-1266'; minor 1308'-1314'. These observations on the core do not 
correspond well to the minor reversals on the temperature log. 

There is no evidence to suggest that there were any water entries at all in the 
hole. The regional water table was not encountered but lies within 200' below 
the bottom of the hole. The bottom hole elevation is approximately 4700' above 
sea level and Klamath.Marsh is about 4500' above sea level. A cold regional 
groundwater table, as normally conceptualized, may not be present beneath the 
site as evidenced by the high heat flow observed in the lower portion of the 
hole. 

Attachment 

JLF:Sm:42:12:19:86:6138 
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• Hole MZI-llA 

Cuttings Review. 

0-10 ft. 
75% Beige, variably devitrified, pumice. 
25% Subrounded to rounded mixed lithic igneous fragments. 
Tr. sub-mm fragments of feldspar, hornblende and pyroxene are present. 

10-20 ft. 
a/a. 

20-30 ft. 
100% L i g h t brown v o l c a n i c p e b b l e congleromate . Matrix c o n s i s t s of 
d e v i t r i f i e d p u m i c e , s and s i z e l i t h i c f r a g m e n t s , and f e l d s p a r , 
h o r n b l e n d e , and p y r o x e n e c r y s t a l f r a g m e n t s . The c o a r s e r f r a c t i o n 
c o n s i s t s of angu la r t o subrounded v o l c a n i c l i t h i c f r a g m e n t s ( r h y o 
d a c i t e ? ) and r o u n d e d d e v i t r i f i e d pumice f ragments . Note: Traces of 
dark red t o orange red in matr ix maybe c innabar or h e m a t i t e . 

30-40 f t . 
a / a 

40-50 f t . 
100% Mixed volcanic fragments, including angular to subrounded gray 
rhyodacite (?) and red to orange-brown tuff. 

50-60 ft. 
90% Gray to dark gray, scoriaceous to dense, hypocrystalline basaltic 
andesite. The more dense fragments show loss of orignal texture due 
to metasomatic alteration. The pyroxene crystals are generally fresh 
with minor hematite alteration around the edges. 
10% Mixed tuffaceous fragments. 

60-70 ft. . 
a/a with minor light colored clay alteration and black hydrous Fe 
oxide precipitation along occassional fracture surfaces. 

70-30 ft. Unwashed Sample 
This sample consists of abundant red and gray clay and sand size 
crystal and lithic fragments. Coarser pebble sized fragments consist 
of lava and pumice clasts. It is difficult to determine how much of 
the coarser fraction is slough from up hole or how much of the clay 
and sand fraction is recycled drilling fluid. 

80-90. ft. "Fine mud, driller couldn't catch sample." 
Predominantly reddish-clay and silt, sand size crystal and lithic 
fragments, and,pebble size mixed volcanic fragments. 

Columbia 
Geosc ien; 



90-100 ft . . 
2% Dark gray s co r i aceous b a s a l t i c a n d e s i t e . 
98% Red t o g r a y , s t r o n g l y h e m a t i t e s t a i n e d , l o c a l l y v e s i c u l a r 
a n d e s i t e . Mafic m i n e r a l s a r e s t r o n g l y o x i d i z e d , wi th much of the 
o r i g n a l c r y s t a l morphology l o s t . The f e l d s p a r p h e n o c r y s t s a r e 
v a r i a b l y a l t e r e d to c l ay and p o s s i b l y z e o l i t e , and a re o f t en s t a i n e d 
red from secondary h e m a t i t e . 

100-110 f t . . , 
20% a / a . 
80% P o o r l y l i t h i f i e d and s t r o n g l y c l a y - a l t e r e d s c o r i a c e o u s t o 
tu f faceous fragments wi th abundant secondary r e d d i s h h e m a t i t e . 

110-120 f t . 
a / a 

120-130 f t . 
a / a 

130-140 f t . -
a / a . Note: P o s s i b l e p i p e dope in sample. 

140-150 f t . 
a / a 

150-150 f t . 
55% Brown to red d e v i t r i f i e d b a s a l t i c t e p h r a . 
45% Red t o gray s t r o n g l y hemat i t e and c l a y - a l t e r e d b a s a l t i c l i t h i c 
f ragments . 

160-170 f t . 
60% r e d t o g r a y s t r o n g l y h e m a t i t e - and c l a y - a l t e r e d b a s a l t i c l i t h i c 
f ragments . 
40% Brown to red devitrified basaltic tephra. 

170-180 ft. 
100% Red, locally gray, strongly hematite- and clay-altered basaltic 
lithic fragments. 

130-190 ft. 
100% Red-brown t o g r ay s t r o n g l y h e m a t i t e - and c l a y - a l t e r e d b a s a l t i c 
l i t h i c . f r a g m e n t s . 

190-200 f t . 
a / a 

200-210 f t . 
100% Red t o d a r k g r a y , l o c a l l y l i g h t g r e e n - g r a y , s t r o n g l y c l a y 
a l t e r e d b a s a l t ( ? ) . Redd i sh c o l o r i s due t o s e c o n d a r y h e m a t i t e 
s t a i n i n g . The green c o l o r i s due to reduced Fe-bear ing secondary c l ay 
( s m e c t i t e ? ) . 
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210-220 ft. 
100% Light green-gray to dark green-gray clay altered dacite(?) with 
minor local red to orange hematite staining. Fresh sub-mm secondary 
pyrite crystals are common throughout the green-gray clay-altered 
rock. 

220-230 ft.' 
100% L i g h t g r e e n - g r a y , l o c a l l y d a r k g r a y , s t r o n g l y c l a y - a l t e r e d 
d a c i t e ( ? ) . C lea r to milky p r e c i p i t a t e d c r y p t o c r y s t a l l i n e s i l i c i a i s 
common th roughout the f ragments . Sub-mm black magnet i te c r y s t a l s a r e 
p r e s e n t , p o s s i b l y a s a s u r v i v i n g r e l i c of t h e h o s t r o c k . Sub-mm 
s e c o n d a r y p y r i t e i s i r r e g u l a r l y d i s t r i b u t e d through rock f r a c t u r e s , 
o c c a s i o n a l l y o c c u r r i n g a s mm-size c l u s t e r s . Minor c l e a r t a b u l a r 
z e o l i t e c l u s t e r s a r e p r e s e n t i n o c c a s i o n a l v e s i c l e s and open 
f r a c t u r e s . Loca l ly f i n e - c r y s t a l l i n e v e i n s of s e c o n d a r y c a l c i t e a r e 
obse rved . 

230-240 ft. , , 
a/a 

240-250 ft. 
Similar to above, though the degree of clay alteration in the rock is 
decreasing. Relict hematite alteration has been preserved in many 
fragments which have subsequently undergone silicification. Secondary 
alteration of mafic minerals to pyrite is common. No secondary 
calcite is observed. 

250-260 ft. 
a/a 

260-270 ft. 
a/a with rare traces of white acicular zeolite (natrolite series ?). 
A marked reduction in secondary silicification is observed in this 
sample. 

270-280 ft. 
a/a with a continued decrease in the amount of silicif ication and 
secondary pyrite. No acicular zeolite obser-ved. 

280-290 ft. 
40% Gray to very dark gray, locally red-gray dacite-
60% Very light gray, locally red-gray, strongly altered dacite. 

- Mafic minerals are occasionally altered to magnetite, though more 
commonly to hematite. Alteration of plagioclase to clay ranges from 
moderate to extreme, occasionally with only casts of plagioclase 
crystals- surviving. The groundmass is altered to white clay, clear 
tabular zeolite and rare traces of secondary sub-mm pyrite. 

290-300 ft. 
a / a w i t h a vary few s o f t l i g h t g reen-gray fragments . The t e x t u r e and 
d e g r e e of a l t e r a t i o n i s c h a r a c t e r i s t i c of a s t r o n g l y s h e a r e d o r 
f a u l t e d r o c k . 
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300-310 ft. 
Similar to above with a general decrease in the degree of alteration. 
The mafic minerals continue to be strongly altered to hematite. 
Occasinal fracture surfaces contain a light coating of green clay and 
sub-mm pyrite crystals. 

310-320 ft. 
a / a w i t h a s l i g h t i n c r e a s e in the white c l a y - z e o l i t e a l t e r a t i o n . A 
few l i g h t g r e e n - g r a y f r a g m e n t s have a t e x t u r e s u g g e s t i n g p r o t o -
m y l o n i t e . 

320-330 f t . 
5% Very dark gray fresh glassy dacite. 
85% Gray to light green-gray, locally red-gray, strongly altered 
dacite. 
10% G r e e n - g r a y c a t a c l a s t i z e d d a c i t e w i t h many f ragments having a 
mylon i te to p ro tomylon i t e t e x t u r e . 
Vein f i l l i n g q u a r t z and b o t r y o i d a l c r y p t o c r y s t a l l i n e s i l i c a a r e 
p r e s e n t i n some of t h e d a c i t e f r a g m e n t s . A few of t h e d a c i t e 
f r a g m e n t s have been i n d u r a t e d w i t h s i l i c a , o f t e n a s s o c i a t e d with 
secondary p r e c i p i p a t e d sub-mm p y r i t e c r y s t a l s . S e c o n d a r y z e o l i t e 
a l t e r a t i o n i s • a s s o c i a t e d w i t h t h e more s t r o n g l y a l t e r e d and 
b r e c c i a t e d d a c i t e f ragments . 
T h i s s a m p l e c o n s i s t s of f r e s h g l a s s y s u b v o l c a n i c d a c i t e , 
c a t a c l a s t i z e d rock a s s o c i a t e d with subvolcanic e m p l a c e m e n t , c o n t a c t 
metamorphosed rock and hydrothermal ly a l t e r e d rock . 

330-340 f t . 
a / a 

340-350 f t . . 
a / a wi th only r a r e t r a c e s of f resh g l a s s . . . 

350-360 f t . 
30% Light green to green-gray brecciated and sheared dacite. The 
brecciated fragments contain cryptocrystalline silica and minor 
pyrite. 
70% Gray to light gray altered dacite with variable amounts of 
secondary hematite. 
Tr. dark gray fresh glassy dacite. 

360-370 ft. 
a/a 

370-380 ft. 
a/a with a decrease in brecciated fragments to 10%. 

380-390 ft. 
a/a 

390-400 ft. . 
80% Gray to red-gray variably altered glassy dacite with secondary 
green-gray clay and pyrite along fracture surfaces. 
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390-400 ft. (cont.) 
20% Light gray to . green-gray, strongly sheared, brecciated and clay 
altered dacite with secondary sub-mm pyrite crystals. 
Tr. orange oxidized mylonite fragments. 

400-410 ft. 
a / a w i t h a m a r k e d i n c r e a s e i n s e c o n d a r y c l e a r t a b u l a r z e o l i t e 
o c c u r r i n g a long f r a c t u r e s u r f a c e s . 

410-420 f t . 
a/a with 5% orange oxidized mylonite. 

420-430 ft. 
a/a 

430-440 ft.' 
a/a with 20% orange oxidized mylonite. Note, all Fe appears to occur 
as hydrous Fe oxides in orange fragments. 

440-450 ft. 
90% Gray fresh to slighty altered dacite. Very locallized reddish 
zones in the groundmass are the result of hematite alteration. . Rare 
traces of secondary pyrite occur along fracture surfaces has formed 
subsquent to the hematite alteration. 
5% Light green to light green-gray mylonite with secondary sub-mm 
pyrite and minor clear tabular zeolites. 
5% Orange hydrous Fe oxide bearing mylonite. Hydrous oxidation of Fe 
appears to be the most recent alteration event. 

450-460 ft. 
a/a 

460-470 ft. 
a/a with an increase in the amount of clear teibular zeolite along 
fracture surfaces; continued tr. of orange mylonite. 

, 470-480 ft. 
10% Orange mylonite, the result of Fe oxidation in the light green-
gray mylonite. 
10% Light green-gray mylonite a/a. 
80% Gray to dark gray variably altered dacite a/a, 

480-490 ft. 
a/a with only a trace of the orange oxidized mylonite. 

490-500 ft. ., 
a / a w i t h o c c a s i o n a l c a l c i t e c r y s t a l s o c c u r r i n g with c l e a r t a b u l a r 
z e o l i t e c r y s t a l s in f r a c t u r e s . 

Co 1umb i a 
G e o s c i e n ; 



500-510 ft. 
100% Gray to light red-gray hematite altered dacite with up to 5% of 
rock fragments showing the effect of shearing. Minor sub-mm crystals 
of pyrite occur along fracture surfaces and disseminated in the 
dacite, in part forming at the expense of hematite. Minor vein 
filling quartz and calcite are observed. 

510-520 ft. 
85% Gray to light gray clay and zeolite altered dacite with variable 
hematite alteration. Occasional sub-mm fractures are observed to be 
filled with calcite and zeolite. 
15% Light green-gray, rarely orange, protomylonite and brecciated 
dacite. Secondary fine grained pyrite is observed to be present in 
unoxidized cataclastic fragments. 

520-530 ft. 
a/a 

530-540 ft. 
60% Dacite a/a. 
30% Light gray to light green-gray protomylonite and fine breccia 
10% Orange oxidized protomylonite. 

540-550 ft. 
a / a w i t h 10% v e r y d a r k g r a y f r e s h g l a s s y d a c i t e and 1% o r a n g e 
ox id ized p r o t o m y l o n i t e . 

550-560 f t . 
60% Gray to light gray clay and zeolite altered dacite with variable 
amounts of hematite alteration. Occasional fractures are observed to 
be filled with calcite and zeolite. 
30% Light green-gray pyrite-bearing protomylonite and brecciated 
dacite with zeolite and calcite veining. 
10% Orange oxidize protomylonite. 

560-570 ft. 
Note: Many fragments are in excess of 2 cm; this sample may contain 
slough from up hole. 
95% Dark gray to gray altered dacite with local secondary hematite. 
White secondary clay and pyrite occur along occasional fracture 
surfaces. 
5% L i g h t g r e e n - g r a y , l o c a l l y o r a n g e , p r o t o m y l o n i t e and b r e c c i a t e d 
d a c i t e a / a . 

End of Rotary D r i l l e d Sec t i on . 

C o l u m b i a 
G e o s c i e nc e 
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R t i y o d d c i t e : C r a y , l o c d l i y p u r p l e - ^ r a y , r h y o d a c i t e w i t h a o u c r o - t e x t u r e 

r e e e m b l l n y A v e i y d e n s e w e l d e d d u t o b r e c c i a . The r o c k s h o w s no f l o w 

L j i i J i i i ^ , f r i c t u r e t i , o r v e b i c u l a t i o n f e a t u r e s t h a t w o u l d su i j i j e s t 

b u r f a c e 1 l o w ' d y n a i n i c a . O c c a s i o n a l i r r e g u l a r l y b t iaped c m - s i z e d v u ^ s 

a r e p r e b e i i t , l i n e d w i t h a c l e a r t a b u l a r z e o l i t e ( a u b - m n s i i t u d 

c r y s t a l s , i i o s s i b l y c i t a b a z i t e ) . O c c a s i o n a l l a r t j e r i r r e g u l a r c a v i t i e s 

a n d a s s o c i a t e d f r a c t u r e s a r e p a r t i a l l y t o c o m p l e t e l y f i l l e d w i l h 

c a l c i t e a n d q u a r t z ( i . e . a t 67& f t . ) . C a l c i t e a l s o t i l l s 

i r r e g u l a r l y s h a p e d v u 9 « a s s o c i a t e d w i t h a ( e w o f t h e 

a u t o b r e c c i a - l i k e f r a g m e n t s . R a r e l y s u b - c m s i z e i r r « 9 u l a r v u g s a r e 

o b s e r v e d t o b e f i l l e d w i l h c r y p t o c r y s t a l l i n e s i l i c i a . N o t e I h a t i n 

some v u g s a d e a l p l y a b l e m a t e r i a l ( s i l i c o n - l i k e c e m e n t ? ? ) h a s b e e n 

a d d e d i c l e a r l y a d r i l l i n g a r t i f a c t . 

The d e g r e e a n d t y p e of r o c k a l t e r a t i o n 1« s o m e w h a t v a r i a b l e . T h e 

F e - b e a r i n g m i n e r a l s a r e m o d e r a t e l y t o c o m p l e t e l y a l t e r e d t o 

h e m a t i t e . The g r o u n d m a s s I s g e n e r a l l y a l t e r e d t o a l i g h t g r e e n - g r a y 

c l a y , p r o b a b l y s m e c t i t e . Loca l h e m a t i t e a l t e r a t i o n h a s a l s o t a k e n 

p l a c e i n t h e g r o u n d m a s s . 

6 2 9 f t . T h e f r a c t u r e s a r e l a r g e l y f l 1 l e d w i t h c a l c i t e . f r a c t u r e 

s u r f a c e s show t h e same p a t t e r n s of s e c o n d a r y m i n e r a l s a s o b s e r v e d i n 

t h e o v e r a l l r o c k a l t e r a t i o n ( m a f i c m i n e r a l s a l t e r e d t o r e d d i s h 

h e m a t i t e , g r o u n d m a s s a l t e r e d t o g r e e n - g r a y c l a y a n d t r a c e c a l c i t e . 

c l e a r t e l d s p a r I s a n d i n e 71 a p p e a r s t o be f r e s h ) . -

6 6 6 f t . G r e e n - g r a y s h e a r e d a n d b r e c c i a t e d t o n e a p p r o x i m a t e l y 8 

i n c h e s t h i c k . P l a t y f r a c t u r e s u r f a c e s show d a r k g r e e n s l i c k e n s i d e s 

a n d p r e c i p i t a t e d c a l c i t e . T h e h o s t r o c k h a s a s t r o n g l y w e l d e d 

c r y s t a l - 1 i t h i c s i l i c i c t u f f m i c r o t e x t u r a t h a t g r a d e s i n t o a more 

t y p i c a l r h y o d a c i t e s u b v o l c a n i c t e x t u r e w i t h i n S f t . a b o v e a n d b e l o w 

t h e n o t e d d e p t h . 
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COMMENTS 

S 7 7 - 5 7 9 f t . F r a c t u r e d and b r o k e n 
r o c k . 

585-5B6 f t , a / d 
5U6-7 tO ( I . A u l o b r « c c i n - l i k e t e x i u r c -

w i t h ( j t i o e r a l l y b u b r u u n d u d I u 

t iuba i i i ju ldr CrdtjuiciitH L- IS cm i n 
b i z i t . M a t r i x and fratjinunLb a r e 
madti u p of cite b a n e c o m p o b t i u a . 
F r a c t u r e u o c c a b i u n a l l y f o l l o w 
f r a y m e n t b o u n J a r i ^ b , thou<jh oiore 
o f t e n t h e y c u t a c r o b s buch 
b o u n d a r i e b . 

6 2 7 - 6 2 8 f t . P r e d o m i n a n t l y s e a l e d 

f r a c t u r e s w i t h o c c a b i o n a l oiicn 
c a v i t i e b . 

65B f t . P a r t i a l l y b e a l e d f r a c t u r e b 

w i t h 0| .un c j v i t i e t . . 

Pog«_i .of^ 
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UTHOU)GIC DESCRIPTION 

, 

6 9 1 - 6 9 ] f t . B r e c c i a t e d r h y o d a c i t e w i t h c a l c i t e p a r t i a l l y f i l l i n g 

f r a c t u r e s , b o t h t h e p e r v a s i v e r o c k a l t e r a t i o n a n d b r e c c i a t e d 

s u r f a c e s s h o w f r e s h c l e a r f e l d s p a r ( s a n d i n e 7 ) a n d m o t t l e d r e d 

h e m a t i t e a l t e r a t i o n i n a g r e e n i s h g r o u n d m a s s . T h e g r o u n d m a s s i s 

g e n e r a l l y h a r d e r t h a n t h e m e t a l p r o b e p o i n t a n d s h o w s n o c l e a r 

t e x t u r e w i t h t h e h a n d l e n s . L o c a l s m a l l c a v i t i e s o f c a l c i t e a r e 

p r e s e n t iit v a r y i n g d e n s i t y t h r o u g h o u t t h i s s e c t i o n of r o c k . 

7 5 6 - 7 6 4 f t . F r a c t u r e d p u r p l e - g r a y t o g r e e n - g r a y r h y o d a c i t e . T h e 

r u c k c o n t a i n s v a r i a b l e a m o u n t s of r e d h e m a t i t e a l t e r a t i o n m o t t l e d 

w i t h t h e a g r e e n - g r a y g r o u n d m a s s . S m a l l i r r e g u l a r v e s i c l e s a r e 

f i l l e d w i t h c a l c i t e and s i l i c a . The c l e a r f e l d s p a r c r y s t a l s a p p e a r 

t o be ( l e s h . Near f r a c t u r e s u r f a c e s t h e g r o u n d m a s s a n d f e l d s p a r 

show c l a y a l t e r a t i o n . 

R h y o d a c i t e t o D a c i t e i G r a y t o p u r p l e g r a y , m a s s i v e . T h e g r o u n d m a s s 

c o n a t a l n s v a r i a b l e h e m a t i t e a l t e r a t i o n . Sub-mm f e l d s p a r s a n d 

h o r n b l e n d e c r y s t a l s a r e r e c o n g n i z a b l e . 
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COmiEHTS 

67S f t . C a l c i t e l i n e s V e s i c l e s and 
f r a c t u r e s . 

662-684 f t . Broken and fractured 
rock. 

• < 

6 9 2 - 6 9 4 f t . B r e c c i a t e d w i t h p o o r 
f r a c t u r e c emen t i^^nj. 

7 S 6 - 7 6 4 f t . The t e x t u r e b u g ^ e b t s 
b i l i c a (netdbomal i z a t i o n . The 
f r a c t u r e a a r e f i l l e d w i t h c a l c i t e 
and f j ^ r i t e . OccA^iotxAX ( t a c t u t e 

b u r f a c e b h a v e ^ r e d - o r a n g e 
6 t a i n i n < j , a b : i u c i a t e d w i t h p a r t i a l 
o x i d a t i o n of b u c o n d a r y p y r i t e . 
S e c o n d a r y p y r i t e i b p r e s e n t 
J o c a J l y i n t h e r o c k , u b i i a l J y away 
from f r a c t u r e b . 

7 5 8 - 7 7 0 f t . M o d e r a t e l y t o b t r o n q l y 
f r a c t u r e d , i n c l u d i n < j some 

v e r t i c a l f r a c t u r i n i j . 

Poq«A.or-!i, 



OOTl i FT 

&%0 \ O M , 

LITHOLjOaiC DESCRIPTION 

775-780 f t . Broken o r c rushed zone p o o r l y cemented w i t h a s o f t w h i t e 

c l a y , c o n t a i n s many open c a v i t i e s . 

617-831 f t . S t r o n g l y f r a c t u r e d and sheared r o c k . 

827-638 f t . S t r o n g l y f r a c t u r e d and sheared r o c k . 

6 4 8 - e S O f t . C a t a c l a s t i z e d zone w h i c h I s p o o r l y c e m e n t e d . The 

f r a c t u r e s u r f a c e s are coa ted w i t h a w h i t e c l a y - l i k e m i n e r a l w h i l e 

the c e n t e r of the t i a c t u r e s are p a r t i a l l y f i l l e d w i t h coa rse c a l c i t e 

c r y s t a l s . 

K h y o d a c i t e - D a c i t e : g r a y , l o c a l l y p u r p l e g r a y , m a s s i v e . The t e x t u r e 

v a r i e s f rom a welded a u t o b r e c c i a t o a w e l d e d c r y s t a l - 1 i t h i c t u f f . 
No f l o w f e a t u r e s o r v e s i c u l a t i o n a r e o b s e r v e d . The a u t o b r e c c i a 
f ragmen ts a t e s u b - a n g u l a r t o rounded and range f r om 1-20 cm. 

B b 2 - 8 7 S I t . f r a c t u r e s , h o r i z o n t a l t o h i g h a n g l e , w i t h n o 

s l i c k e n s i d e s . No secondary p r e c i p i t a t i o n o r a l t e r a t i o n m i n e r a l s a r e 

o b s e r v e d . 
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CilMMtHlS 

770-784 f t . F r a c t u r e b l i n e d w i t h 
t h i n f i l m ot c u l c i t e and t r a c e 
py r i I e . 

792-843 f t . F r a c t u r e s f l U e d w i t h 
c a l c i t e and v a r y i n g amountb ot 
p y r i t e . P y i i l u p r e c i p i t a t i o n 
b o t h preceded and l b c o y e n e t i c 
w i t h c a l c i t e . Keddibh b t a i n c d 
f r a c t u r e b b o t h c r o b b - c u t and t i re 
c r o b b r c u t by bome c a l c i t e 
v e i n l e i b . 

843 .5 -844 f t . S i n g l e v e i n o f q u a r t z 
w i t h bub-aun c a l c i t e l i n i n g . 

848-850 f t . b r e c c i a t e d and p o o r l y 
Cemented. 

850-90J f t . C a l c i t e beans and ve inb 
up t o J mm w i d e . The groundiiijt^ii 
o f the r o c k - b o i h ad jacen t t u und 
away f rom f r a c t u r e b , hab been 
p e r v a s i v e l y a l t e r e d t o a 
g r a y - g r e e n c l a y w i t h l o c a l bmal l 
areab o f orange hema t i t e and 
becondary c a l c i t e . 
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LrTHOliXilC DESCRIPTION 

B7S-882 f t . i ' r e d o m i n a t e l y v e r t i c a l f r a c t u r e s coa ted w i t h t h i n da rk 

g reen sheared c l a y . The f r a c t u r e s c r o s s - c u t c a l c i t e v e i n s . 

8 9 0 - 8 9 3 . 5 f t . ' F r a c t u r e d and b r e c c i a t e d zone c o n t a i n i n g a i n o r w h i t e 

c l a y , c a l c i t e , and c l e a t t a b u l a r z e o l i t e ( c h a b a z i t e 7 ) . These 

f r a c t u r e s c r o s s - c u t e a r l i e r formed v e i n s o f c a l c i t e and p y r i t e . The 
rock s u r r o u n d i n g t h i s b r e c c i a t e d zone i s s t r o n g l y a l t e r e d t o c l a y . 

9 0 0 - 9 6 7 f t . C a l c i t e b e a r i n g f r a c t u r e a . A tew f r a c t i i r a s u r f a c e s 

c o n t a i n a v e r y t h i n z o n e o f s 1 i c k e n s I d e - 1 1 k a s h e a r e d r o c k . 

O c c a s i o n a l c a l c i t e b e a r i n g f r a c t u r e s show a d a r k g r e e n c l a y 

a l t e r a t i o n ad j acen t t o the r o c k . 

9 6 7 - 9 7 1 f t . B r e c c i a t e d zone w i t h t p e r v a s i v e l i g h t g r e e n - g r a y c l a y 

a l t e r a t i o n o f t h e r o c k . M i n o r ' w h i t e c l a y and t r a c e s o f a c l e a r 

t a b u l a r z e o l i t e ( c h a b a z i t e ?) have formed on some o f the f r a c t u r e 

s u t f a c e s . 
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CdHHKNI'S 

" 671 f t . The co re c o n t a i n s an U 
i n c h t h i c k s e c t i o n o( s u i t durk 
gray c l a y - l i k e - i i u l e r i a l w i t h 
sharp up|jer and lower b u u n d j r i e s . 

T h i s appears t o be an a r t i f a c t l i t 
d r i l l i n g . Mhen viewed th rou ' j h a 
m ic roscope i t appears t o lie nude 
up o f f i n e l y ground rock 
c o n t a i n i n g f i n e f r e s h f e l d s p a r 
f raymenl.s. 

697 f t . P robab le d r i l l i n g a r t i f a c t , 
see coiiuiient a l 871 t t . 

910-1002 f t . Genera l i n c rease i n 
p e r v a s i v e a l t e r a t i o n of d a c i t e t o 
l i g h t g r e e n - g r a y c l a y and dark 

g reen c l a y , c h l o r i t e , and 
c a l c i t e . 

' 
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1 DEPTH FT 
LITHGLOGIC DESCRIPTION 

9 7 1 - 9 6 } f t . G e n e r a l l y u n f r a c t u r e d r o c k w i t h o n l y o c c a s i o n a l 

v e s i c l e s t i l l e d w l l h c a l c i t e . 

I 0 0 ) - 1 0 ] 9 f t . D a c i t e a u t o b r e c c i a s h o w i n g v a r i a b l e s e c o n d a r y 
h e m a t i t e a l t e r a t i o n i n the groundmass. O f t e n tha v a r i a t i o n s i n t h e 
i n t e n s i t y o f s e c o n d a r y h e m a t i t e a c c e n t t h e a u t o b r e c c i a - l i k e 

f r a g m e n t s . 

, 

103S-1066 f t . The r o c k i « s t r o n g l y b r e c c i a t e d and v a r i a b l y , bu t 

g e n e r a l l y s t r o n g l y , a l t e r e d t o c l a y . Many o f t h e b r e c c i a f r a g m e n t 

b u i t a c e u have a e h e a r e d b l l c k e n b l d a t e x t u r e . No ubv ioua secondary 

p i e c i p i t a t i o n m i n e r a l b a re observed i n t h i s zone. 
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9B4 f t . F r a c t u r e s and v e s i c l e s are 

f i l l e d w i t h c a l c i t e . 
9B6 f t . a /a 
9U9 f t . tk/iL 

995-1039 f t . Ve in and v e s i c l e 
f i l l i n g c a l c i t e i s common. 

1004 f t . P robab le d r i l l i n g a r t i t a c t , 
see conunent a t 671 f t . 

1024 f t . P robab le d r i l l i n g a r t i f a c t , 
see comment a t 671 f t . 

1039-1043 f t . Secondary p y r i t e i s 
a s s o c i a t e d b o t h w i t h dark grec-u 
s l i c k e n s i d e s and w i t h t r a c e s n l ^ 
c a l c i t e and c l a y . 

1043-10S9 f t . Hare t r a c e s of p y r i t e 
a re p r e s e n t . 

1059-1062 f t . An o l d e r f r a c t u r e 
even t has r e s u l t e d i n a f r a c t u r e 
and b r e c c i a zone w i t h ve ins of a 
s o f t c l e a r m i n e r a l w i t h boxwurk 
morpho logy . Heplacement p y r i t e i s 
p r e s e n t i n the the b r e c c i a t e d 
f r a g m e n t s . 

Poqi-LolJi. 
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i i n t H O 

O a c i t e t G r a y t o p u r p l e - g r a y d a c i t e w i t h p r o n o u n c e d a u t o b r e c c i a - l i k e 

f e a t u r e s . The s e c o n d a r y h e m a t i t e a l t e r a t i o n a c c o u n t i n g f o r t h e 

p u r p l e c o l o r i s m o s t p r o n o u c e d i n t h e m a t r i k o f t h e a u t o b r e c c i a . 

T h e s t a b l e Fe m i n e r a l i n much of t h a r o c k I s s e c o n d a r y c l a y / 

c h l o r i t e . M i n o r v e i n s a n d v e s i c l e s o f s e c o n d a r y q u a r t z a n d w h i t e 

c l a y a r e u s u a l l y u n d e r 5 mm t h i c k . N e a r . v e r t l e a l f r a c t u r e s w i t h 

p r o n o u n c e d s h e a r e d f a c e s p o s t d a t e t h e m i n e r a l f i l l e d f r a c t u r e s and 

v e s i c l e s . 

D a c l t e i G r a d u a l d e c r e a s e i n t h e a u t o b r e c c i a - l i k e f e a t u r e s . 

1 1 3 1 - 1 1 3 5 f t . C o a r s e l y b r e c c i a t e d d a c i t e w i t h m i n o r m a - t h l c k v e i n s 

of c a l c i t e . The b r e c c i a t l o n a p p e a r e t o p o s t d a t e t h e c a l c i t e s e a m s . 

1 1 4 1 - 1 1 5 1 f t . B r e c c i a t e d d a c i t e w i t h a b u n d a n t v e r t i c a l C z a c t u r e s . 

No p r o n o u n c e d s e c o n d a r y a l t e r a t i o n i s o b s e r v e d . No p r e c i p i t a t i o n 

m i n e r a l s a p p e a r t o b e a s s o c i a t e d w i t h t h e b r e c c i a t l o n . M i n o r 

c a l c i t e v e i n s a p p e a r t o p r e d a t e t h e b r e c c i a t l o n . 

1 1 5 9 . 5 - 1 1 6 2 f t . A / a , w i t h some of t h e f r a c t u r e s f o l l o w i n g e a r l i e r 

c a l c i t e v e i n s . 

1 1 6 4 f t . T h e d a c i t e c o n t a i n s a b u n d a n t m i c r o c r y s t a l l i n e v e s i c l e s . 

U a c k g r u u n d a l t e r a t i o n a p p e a r s t o i n c l u d e g r e e n c l a y o r c h l o r i t e , 

p r e f e r e n t i a l l y l o c a t e d a r o u n d v e s i c l e s . S e c o n d a r y h e m a t i t e o c c u r s i n 

t h e g r o u n d m a s s away from t h e v e s i c l e s . The o n l y r e c o g n i z a b l e p r i m a r y 

m i n e r a l s a r e utm t u sub-iiun s i z e d p l a g i o c l a s e l a t h s . 
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1 0 7 4 - 1 0 7 9 f t . Minor t o t r a c e of 
p y r i t e o c c u r b . Note t h a t t h e 
p y r i t e o c c u r r e n c e may p r e d j i u t i n 
i n t e n s e b r e c c i a t i on of iUiu zunc 

1106 f t . P r o b a b l e d r i l l i n g a r t i f a c t , 
bee conunent a t 871 f t . 

1128 f t . P r o b a b l e d r i l l i n g a r t i f a c t , 
b e e comnkvnt a t 871 f t . 

1149 f t . P r o b a b l e d r i l l i n g a r t i f a c t , 
u e e coimuent a t 871 1 1 . 

1164 f t . L o c a l fiub-mm z o n e s of 
h e m a t i t e w h i c h may be p u b b i b l e 
p b e u d o m o r p h b uf m a f i c minura l^^ . 
S e c o n d a r y c a l c i t e i s cominon, 
o c c u r r i i i g b o t h i n v e b i c l e b and 
p l a g i o c l a s e b i t e s . C reen c l u y 
a l t e r a t i o n a p p e a r s t o be 
buhbe t juen t t o h u i n a t i t e 
a l t e r a t i o n . 
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1 1 6 9 - 1 1 7 8 f t . O n l y m i n o r v e s i c l e a n d f r a c t u r e f i l l i n g n i n e r a l s a r e 

p r e h . e n t , m a i n l y c a l c i t e . B a c k g r o u n d r o c k a l t e r a t i o n s u g g e s t s a 

p a i t i a l o x i d a t i o n o f i r o n m i n e r a l s f o l l o w e d b y s e c o n d a r y g r e e n c l a y 

o r c h l o r i t e . T h e r o c k c o n t a i n s a b u n d a n t m i c r o v e s 1 c 1 e s i n a 

c r y s t a l - r i c h g r o u n d m a a a . M i n o r s e c o n d a r y c a l c i t e i s u b i q u i t o u s 

i t t r o u g h o u t t h e r o c k . 

D a c i t e : G r a y t o l i g h t g r a y « p e r v a s i v e t h o u g h v a r i a b l e c l a y a l t e r e d 

d a c i t e . A f e w s u b - m i u c l e a r f e l d s p a r c r y s t a l s a p p e a r t o b e f r e s h . 

M a n y f e l d s p a r p h e n o c r y s t s a p p e a r t o b e a l t e r e d t o c l a y a n d c a l c i t e . 

T h e g r o u n d m a s s c o n t a i n s v a r i a b l e z o n e s o f s e c o n d a r y d a r k g r e e n 

c l a y / c h l o r i t e a n d m i n o r z o n e s o f s e c o n d a r y p u r p l e h e m a t i t e . 

1 2 0 0 f t . T h e r o c k i s b e c o a i n g I n c r e a s i n g l y a l t e r e d t o c l a y , c a u s i n g 

t h e r o c k t o b e c o m e s o f t e r . 

1 2 0 8 f t . T h e r o c k i s m o r e b r i t t l e d u e t o a d e c r e a s e I n c l a y 

a l t e r a t i o n . M a n y o f t h e f r a c t u r e s u r f a c e s s h o w s l i c k e n s i d e e f f e c t s 

s u g g e s t i n g v e r t i c a l t o o b l i g u e h i g h a n g l e m o v e m e n t . V e i n f i l l i n g 

m i n e r a l s i n c l u d e c a l c i t e a n d u n i d e n t i f i e d s o f t w h i t e n i n e r a l w h i c h 

d o e s n o t e f f e r v e s c e i n H C l . T r a c e s o f m o r d e n l t e n e e d l e s may b e 

p r e s e n t a s a v e i n f i l l i n g m i n e r a l . 

1 2 1 1 - 1 2 1 7 f t . H i g h l y f r a c t u r e d r o c k w i t h v e i n s a / a . T h e b a c k g r o u n d 

a l t e r a t i o n o f e a r l y s t a g e h e m a t i t e f o l l o w e d b y s u b s e q u e n t g r e e n c l a y 

o r c i t l o r i t e c o n t i r t u e s . 

1 2 2 9 - 1 2 3 2 f t . F r a c t u r e s a n d v e s i c l e s s h o w l i n i n g s o f g r e e n c l a y o r 

c h l o r i t e f o l l o w e d b y m a s s i v e c a l c i t e . A t a h a n d l e n s s c a l e n o 

p h e n o c r y s t s a r e r e a d i l y i d e n t i f i a b l e i n t h e r o c k . T h e r o c k a p p e a r s 

t o h a v e u n d e r g o n e a m i l d b u t p e r v a s i v e h e m a t i t e a l t e r a t i o n f o l l o w e d 

b y a c l a y o r c h l o r i t e a l t e r a t i o n . T h e l a t t e r i s p r e f e r e n t i a l l y 

l o c a t e d n e a r v e s i c l e s a n d p l a g i o c l a s e s i t e s . M i n o r . s e c o n d a r y 

c a l c i t e c o i i u i i o n l y o c c u r s i n f e l d s p a r s i t e s . 

1 2 6 3 - 1 2 6 6 f t . A b r e c c i a t e d z o n e . T h e r o c k s h o w s a p e r v a s i v e b a c k g r o u n d 

I c l a y a l t e r a t i o n . A c l e a r z e o l i t e w i t h a t a b u l a r m o r p h o l o g y 

( c h a b a z i t e V) a n d p e r v a s i v e p u r p l e t o o r a n g e h e m a t i t e a l t e r a t i o n o f 

1 t h e r o c k i s p r e s e n t . V e r y m i n o r s e c o n d a r y c a l c i t e i s p r e s e n t a l o n g 

f r a c t u r e s u r f a c e s . 
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COMMtNTS 

1 1 7 4 f t . D c c a u i u iK i 1 V L ' s i c l u s t i l iuw 

g r e e n c l a y O i c h l u r i t e a l t e i a l i u n 

a l o r t g t h e e d i j e s , f o l lowL-d l.>y 

c a l c i t e , a n d l a r e l y w i t h g u a r t z 

f o l l o w i n g c a l c i t e . M u r e c o i n m u n l y 

v e b i c l e b a n d f r a c t u r e s a r e t i l l c t l 

- w i t h c a l c i t e , a n d o c c a b i u n a l l y . 

w i l h c a l c i t e a n d m o r d e n i t e . A 

f e w o f t h e t h e v e b i c l e b c o n t a i n 

o n l y a n a c i c u l a r z e o l i t e 

( m u r d e n i t e ? | . One v c b i c l e 

c o n t a i n s m a s b i v e c a l c i t e . 

f o l l o w e d b y m < ' t d u n i t e , w h i c h I n 

t u r n i s f o l l o w e d b y b l a d c d 

c a l c i t e . P e r v a s i v e r o c k 

a l t e r a t i o n i n c l u d e s g r e e n c l a y o r 

c h l o r i t e a n d s e c o n d a r y c a l c i t e . 

P l a g i o c l a s e l a t h s h a v e a l t e r e d t o 

c l a y , p o s s i b l e z e o l i t e , a n d 

! c a l c i t e . 

1 1 8 7 f t . K o c k a l t e r a t i o n s h o w s a n 

e a r l y e p i s o d e o t h e m a t i t e 

a l t e r a t i o n o f Fe m i n e r a l s , b o t h 

p h e n o c r y b t s a n d g r o u n d m a s s , t o 

h e m a t i t e , f o l l o w e d b y a l a t e r 

s t a g e g r e e n c l a y o r c h l o r i t e , 

p r e f e r e n t i a l l y o c c u r r i n g n e a r 

v e b i c l e b a n d f r a c t u r e s . l . a i g e r 

v e s i c l e s a n d f r a c t u r e s c o n t a i n 

b e c o n d a i y c a l c i t e a n d m o r d e n i t e . 

1 2 1 7 - 1 2 1 8 t t . O n l y m i n o r a m o u n t b o t 

c a l c i t e i n f r a c t u r e b a n d 

v e s i c l e s . 

1 2 3 2 - 1 2 5 4 f t . T h e i n t e n s i t y o f 

f r a c t u r e a n d v e s i c l u f i l l i n g i s 1 

v a r i a b l e . 

1 2 5 9 f t . L a t e s t a g e c a l c i t e i s 

p r e s e n t i n a f e w o f t h e v e s i c l e s . 

M u r d e n i t e a l s o o c c u r b w i t h t h e 

c a l c i t e . T h e l a t e s t s t a g e o f 

c a l c i t e , f o r m e d s u b s e g u e i t t t o t h e 

m u r d e n i t e , h u b a b l a d c d 

m u i p h o l o g y . 

Pog«-ZolA 
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1 3 6 7 - 1 2 7 6 f t . O a c i l e w i t h s e c o n d a r y h e m a t i t e o c c u r r i n g i n t h e 

g r o u n d m a s s , l o l l o w e d by s u b s e q u e n t s e c o n d a r y g r e e n c l a y o r c h l o r i t e . 

V e s i c i e - 1 i 1 1 i n g m i n e r a l s i n c l u d e g r e e n c l a y f o l l o w e d by m a s s i v e 

c a l c i t e . 

1 3 9 4 f t . A s t r o n g l y f r a c t u r e d z o n e . T h e f r a c t u r e s a r e p a r t i a l l y 

t i l l e d w i l h c h l o r i t e ( o r g r e e n c l a y ) , m i n o r c a l c i t e , m o r d e n i t e , a n d 

s u b - m m Ee s u l f i d e ( p y r i t e 7 1 . S o f t w h i t e a r e a s p r o b a b l y i n c l u d e 

o t h e r u n i d e n t i f i e d s e c o n d a r y m i n e r a l s . M o r d e n i t e a p p e a r s t o make up 

t h e b u l k u t s e c o n d a r y m i n e r a l i z a t i o n i n t h e s e f r a c t u r e s . 

1296 f t . O c c a s i o n a l f r a c t u r e s c o n t a i n i n g m i n o r s e c o n d a r y q u a r t z . 

i o l l o w e d by c a l c i t e a n d m o r d e n i t e . The r o c k shows somewhat l e s s 

a l t e r a t i o n t h a n u p - h o l e , w i t h o n l y m i n o r e a r l y s t a g e h e m a t i t a 

a l t e r a t i o n . S m a l l s u b - m m f r a c t u r e s a r e p r e d o m i n a t e l y f i l l e d w i t h 

s i l i c a . M i n o r l o c a l i z e d s e c o n d a r y c a l c i t e i s l i m i t e d t o t h e 

g r o u n d a i a s s . 

Uy 129U t t . T h e s e c o n d a r y m i n e r a l i z a t i o n a s s o c i a t e d w i t h f r a c t u r e s 

a p p e a r s t o be l i m i t e d t o c a l c i t e a n d a z e o l i t e . S e a l e d f r a c t u r e s 

a r e t i l l e d w i t h C a l c i t e . Open f r a c t u r e s u r f a c e s h a v e a f i n e c o a t i n g 

u i a c r y s t a l l i n e z e o l i t e ( a i u r d e n i t e ? ) . H a r e s u b - m m s i l i c a v e i n s 

may b e t h e r e s u l t o f n o t h i n g m o r e t h a n l o c a l i z e d m e t a s o m a t i c 

a l t e r a l i o n . 

I ) 0 1 - T 0 ( 1 ) 5 4 f l . ) T h e d o m i n a n t f r a c t u r e f i l l i n g m i n e r a l s a r e 

c a l c l l e and m o r d e n i t e w i t h t h e mos t r e c e n t m o r p h o l o g y c o n s i s t i n g of 

c a l c i t e b l a d e s f o r m i n g o n m o r d e n i t e n e e d l e s . The mos t I n t e n s e l y 

t r a c l u i e d l o n e s o c c u r a t I J l l f t . . 1 1 3 4 - 1 1 4 0 f t . , a n d 1 3 4 7 - T D f t . 

Many o f t h e s e f r a c t u r e s s h o w a l i n i n g o f g r e e n c l a y o r c h l o r i t e . 

Mud) of t h e aiore r e c e n t a l t e r a t i o n i s d o m i n a t e d by l i g h t g r e e n c l a y 

o r c h l o r i t e w h i c h t e n d s t o o b s c u r e e a r l i e r h e m a t i t e a l t e r a t i o n . The 

e a r l i e r h e m a t i t e a l t e r a t i o n i s b e s t p r e s e r v e d i n t h o s e a r e a s a w a y 

f r o m i n t e n s e f r a c t u r i n g . M i c r o s c o p i c s i z e d Fe s u l f i d e o c c u r s a s a 

t r a c e v e i n m i n e r a l a n d a s an a l t e r a t i o n m i n e r a l b e l o w 1 3 1 9 f t . I t 

o c c u r s fliobt cominuttly i n t h e I n t e n s e l y f r a c t u r e d a r e a s . 
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tOMHENTS 

1 3 7 6 - 1 2 7 7 f t . E r a c t u r e s show bo l h 
m a s s i v e c a l c i t e and g u a r t ^ 
f i l l i n g . 

127B-128U f t . Ihe f r a c t u r e s u r f a c e s 
show v e r y minor c a l c i t e m a i n l y in 
o p e n f r a c t u r e s . No s e c o n d a r y 
g u a r t z i s o b s e r v e d . 

I 2 b 0 - 1 2 9 4 l l . G e n e r a l l y u n f r a c t u t t - d 
r o c k w i t h minor c a l c i l o l i l l t d 
V e s i c l e s . 

A c l e a r t o w h i t e z e o l i t e w i t h a 
t a b l e t - l i k e m o r p h o l o g y o c c u r s in 
f r a c t u r e s , a s s o c i a t e d w i t h a ra ic -
t t a c e of p y r i t e ( 7 1 , 1119 l l . 
( s e e 1 ) 2 3 t t . away (rum main 
f r a c t u r e v e i n i n g ) . The d e g r e e ol 

s e c o n d a r y g r e e n c l a y - c h l i , r i l e 
i n c r e a s e s b e l o w 1115 I t . , 
e s p e c i a l l y i n a r e a s o t 
f r a c t u r i n g . In a d d i t i o n t o an 
i n c r e a s e of c 1 a y - c h l o r i 1 e , a l u i e 
t r a c e of d r u s y g u a r l z o c c u r s . 
c o g e n e t i c w i l h m o r d e n i t e . Minor 
s e c o n d a r y p y r i t e a l s o o c c u r s a s a 
v e i n - f i l l i n g m i n e r a l . Tlie 
p r e c i p i t a t i o n o l g u a r t z a p p e a r s 
t o r e p r e s e i t i t h e must r e c e n t , 
p e r h a p s o n g o i n g , a c t i v i t y . 

1 ) 5 0 f t . T h i c k c a l c i t e - m o r d e n i t e 
v e i n s o b s e r v e d . 

1 ) 5 1 f t . A v e r y f i n e c l e a r w h i t e 
v e i n f i l l i n g z e o l i t e , p o s s i b l y 1 
m o r d e n i t e w i t h a more t a b u l a r 
m o r p h o l o g y i s o b s e r v e d . | 

1353 ( 1 . V e i n i n g of c a l c i t e -
m o r d e n i t e - i p j j r t z - p y r i t e . 

p o g e i X o l ! _ : -



Cut 

4 
6 

. 4 
5 
2 
8 
10 
10 
10 
10 
10 
9 
10 
10 
10 
1 

10 
10 
10 
10 
10 
10 
10 
8 
10 
10 
9 

10 
9 
10 
10 
10 
6' 
5 
10 
3 
9 
10 
5 

10 
7 

10 
10 
10 
10 
10 

MZI-llA 
. CORE RECOVERY 

Recovered 

4 
6 
4 
5 
2 
8 
10 
10 
10 
10 
10 
9 
10 
10 
10 
1 

10 
10 
10 
10 
10 
10 
10 
8 

10 
10 
9 
10 
9 
10 
10 
10 
6 
5 

10 
2 
9 

10 
5 
10 
7 
10 
10 
10 
10 
10 

Depth Interval Cut Recovered % Recovered 

575'-579' . 4 4 . 100% 
579'-585' 
585'-589' 
589'-594' 
594'-596' 
596'-604' 
604'-614' 
614'-624' 
624'-634' 
634'-.644' 
644 '-654' 
654'-663' 
663'-673' 
673'-683' 
683'-693' 
693'-694' 
694'-704' 
704 '-714' 
714'-724' 
724'-734' 
734 '-744' 
744'-754' 
754'-764' 
764'-772' 
772'-782' 
782'-792' 
792'-801' 
801'-811' 
811'-820' 
820'-830' 
830'-840' 
840'-850' 
850'-856' 
856'-861' 
861'-871' 
871'-873' 3 2 67% 
873'-882' 9 9 100% 
882'-892' 
892'-897' 
897'-907' 
907'-914' 
914'-924' 
924 '-934' 
934 '-944' 
944'-954' 
954'-964" 



Depth Interval 

964'-974' 
974'-984' 
984'-994' 
994'-1004' 
1004'-1006' 
1006'-1014' 
1014'-1024' 
1024'-1032' 
1032'-1042' 
1042'-1052' 
1052'-1058' 
1058'-1061' 
1061'-1069' 
1069'-1079' 
1079'-1084' 
1084'-1086' 
1086'-1096' 
1096'-1106' 
1106'-1108' 
1108'-1118' 
1118'-1128' 
1128'-1138' 
1138'-1147 
1147'-1150' 
1150'-1154' 
1154'-1162' 
1162'-1164 
1164'-1174' 
1174'-1184' 
1184'-1194' 
1194'-1204' 
1204'-1209 
1209'-1219' 
1219'-1225' 
1225'-1234' 
1234'-1244' 
1244'-1250' 
1250'-1259' 
1259'-1263' 
1263'-1268' 
1268'-1278' 
1278'-1287' 
1287'-1297' 
1297'-1307 
1307'-1315' 
1315'-1324• 
1324'-1334' 
1334'-1344' 
1344 '-1354' 

Cut 

10 
10 
10 
10 
2 
8 
10 
8 

10 
10 
6 
3 
8 
10 
5 
2 
10 
10 
2 
10 
10 
10 
9 
3 
4 
8 
2 
10 
10 
10 
10 
5 

10, 
6 
9 

10 
6 

9 
4 
5 

10 
9 

10 
10 
8 
9 

10 
10 
10 

Recovered 

10 , . 
10 
10 
10 
2 
8 

10 
8 
10 
10 
6 
3 
8 

10 
5 
2 
10 
10 
2 
10 
10 
10 
9 
3 
4 
8 
2 

10 
10 
10 
10 
5 

10 
6 
9 

10 
6 
9 
3 
4 

10 
9 

10 
10 
8 
9 

10 
10 
10 

% Recovered 

100% 

75% 
80% 

100% 

JLF-.sr: 42: 12-19-8 6.-6232/82 



o 
Ol 
r t 
PI 

H i 
t l 
O 
3 

O 

< 
(0 

cn 
h -
Di 
n 

(B 

n o 
3 

T) 
C 
n-
a> 
h 

•o 
•1 
o 

U3 

3 

3 a 
m m 

4i 4i 1.4 Cl (J C) C J i i u CJ u ( I u t i l.i u t i u u t l t i CI n w f J to JO l i »J»J fJ (J -̂  •'-• 
G o o -ID oj ca ^ -̂ j o 0- u\ (.n 4a .*:» o t.j t.j r.j »-* »- o o -o -o co co -si NI &- a- LH In m H 
CO o LO o cn o cn o cn o cn o cn o cn o cn o cn o cn o cn o cn o cn o cn o cn o ai x 

w 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

H . » - f - . > - . | - . H 4 ^ 4 H 4 K 4 H ' » - A i - 4 1 - 4 H 4 i - ' i - 4 H 4 H 4 K 4 p 4 H ' Q 

( I t l I ) t i l i t J t i l i ^ - - ^ - ^ ^ - ' ^ - ^ ^ ^ - O O O O O O C ^ ^ 0 ^ • ^ O ' C O a i C 0 a 3 a i 0 i ^ V m 

t ) i-A -0 ̂  o 4 i n HA .0 00 cr- 4 i CI '-- -0 m 0- 4 i CI >-̂  o OD cr- cn CI •-' o OD 0- cn CI ID m "n 
CO ID U\ -0 CI ( r O CI ^J »-• 4- CO f-' cn -)D ID Cr -0 CI NJ O 4^ -̂ J • - Cn CO ID c.n -0 CI Cr o i n H 

H T 

VI CI -ID cn •- ^̂ 1 CI -ID cn H' --j c i -o cn f-* --J C I -O cn >•- ^ c i co 4^ o o- I D CO 4^ O O- I D 

O O O O O -ID -0 OD CO CO OD OD m oa CO CO CO CO m CD CO CD m CD CO --I --I -̂1 --I v l -.J vj o 
•vl cn 4^ t-D O ^4 O 0- CI Cl 4i ID CI CI O 4^ CI t - O 4^ ID i - H. »-. o - I C.n 4i 4^ QD OD 0- m 

CD H 
I - 0- ID O 4i OD O 4:4 t.j Cl -JD -0 0- 0- Cr OD 4i HA Cr y.) f.j • - 0- 4i CI vj vj f.j (.j o (.n H- PI 
O O O O O O O O O O O O O O O G G G G G G G G G G G G G G G G G O 3 
G G G C' C' G' G G C' G G G G G G G G G G O O O O G G G G G G O O G "D 

m 
•|l 
1 > 

I D I D I D l-D I D I D ^ - l - ' ^ - H A ^ . A ^ . ^ ^ , ^ H 4 ^ - t - H 4 H A H • f - » - A . ^ - 4 ^ 4 ^ . 4 H 4 H A l - 4 H A ^ . . ^ ^ ^ . . _ j 
ID ID 1-4 K4, .-A O -0 QD OD OD OD OD OD OD -4 ro OD vl -4 OD OD --4 --J >-4 -4 --4 0- 0- 0> ̂ 4 -̂J 0- O C 
41 ID -0 cn ID OD 4:. -4 H4 H4 4i i-. (D ID -j .(̂  j.j s.) -g (.j o '-I OD OD 0̂  H* OD Ul Cn 4:- C I OD HI rn 

u) in 
-4 G cn 0- -4 G G cn --4 -0 CO ID 4^ 1̂  G 0- H^ -0 O Cn H4 vij OD cn cn QD ID -̂ 1 cn G C4 -ID 
ro Oi Cr O t i •t' O l i f^ 4:* ID ID OD OD OD 44 l i CO OD 0- 4̂^ fJJ QD IJ 4^ 0- Cr 44 0 l i O CO ni 

a X 
H r 
m m 

3 
m i> 

H r 
V o 
m n 
I 1 ^ 

OD - I 
^ • • H4 

D 
IJ 3 Z 
OD m 

c •• 
m 

ID 

in 
OD 
0-̂  

r 
u> 
3. 
i> 
H 
I 

11 
r" 
I " 
UD 

• - I I 
C4 ID ^ t i cn cn ^ 0- l C4 4^ HA 
O OD 44 tJ W 0- to +;. ID ID G -£• 
G G G C' O G G C' G G C- G 

I I I I 
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Data Plot From 
Dave Biackweii 
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MZI-llA Temperature Gradient Data 

This data was recorded by Al Waibel, Columbia Geoscience, on 10/25/86, after 

about 20 hours of stabilization. 

Depth in Feet Temperature °F 

98 53.5 

131 61.5 

164 68.25 

197 79.75 

230 86.4 

262,5 94.8 

295 99.95 

328 102,5 

361 114.3 

394 121.15 

426.5 125.7 

459 130.3 

492 137.0 

525 134.8 

541 141.9 

558 142.9 

57 4 141.2 

591 140.25 

607 142.0 

623 143.1 

640 146.7 

656 152.1 

673 152.85 

689 148.2 

705 153 

722 152.5 

738 150.5 

755 154.5 

771 157.5 

787 156.4 

804 162.7 

820 169.0 

837 173.0 

853 174.0 

869 165.6 

886 165.7 

902 168.3 

919 171.9 

935 176.5 

951 178.6 

968 178.9 

984 178.0 

1001 180.1 

1017 183.6 

1033.5 177.1 

1050 178.0 

1066 182.1 

1083 184.6 

1099 177.1 

1115.5 102.5 

• - 1X32 • - -' - - - - 182.5 — 

1140 181.2 

1165 184.8 

1181 181.9 

1197.5 101.8 

1214 107.5 

1230 194.0 

1247 208.0 

1263 212.7 

1279.5 215.6 

1295.9 219.6 

1312 222.1 

1329 224.8 

JLFtsr!42 
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MZI-llA Temperature Gradient Data 

This data was recorded by Al Waibel, Columbia Geoscience, on 10/25/86, after 
about 20 hours of stabilization. 

Depth in Feet Temperature °F 

98 
131 
164 
197 
230 
262.5 
295 
328 
361 
394 
426.5 
459 
492 
525 
541 
558 
574 
591 
607 
623 
640 
656 
673 
689 
705 
722 
738 
755 
771 
787 
804 
820 
837 
853 
869 
886 
902 
919 
935 
951 
968 
984 
1001 
1017 
1033.5 
1050 
1066 
1083 
1099 
1115.5 
1132 
1148 
1165 
1181 
1197.5 
1214 
1230 
1247 
1263 
1279.5 
1295.9 
1312 
1329 

53. 
61, 
68.25 
79.75 
86.4 
94.8 
99.95 

102, 
114, 
121.15 
125.7 
130.3 
137.8 
134.8 
141.9 
142.9 
141.2 
140.25 
142.8 
143.1 
146.7 
152.1 
152.85 
148.2 
153 
152, 
150, 
154, 
157, 
156. 
162. 
169.0 
173.0 
174.0 
165.6 
165, 
168, 
171, 
176, 
178. 
178, 
178. 
180. 
183. 
177, 
178.0 
182.1 
184. 
177. 
182. 
182. 
181. 
184.8 
181.9 
181.8 
187.5 
194.0 
208.0 
212.7 
215.6 
219.6 
222.1 
224.8 

JLF:sr!42 



DEPTH 
METERS 

Z50.0 
255.0 
260.0 
265. 0 
270.0 
275.0 
2ao.o 
235.0 
290.0 
295.0 
300. 0 
305. 0 
310.0 
315.0 
320.0 
325.0 
330. 0 
.335.0 
340.0 
345.0 
350. 0 
355.0 
360.0 
365. 0 
370.0 
375. 0 
380. 0 
335.0 
390.0 
395.0 
400.0 
405.0 

- LOCA 
T/R-
HOLE 
DATE 

DEPTH 
FEET 
320.2 
SC'*o • o 

853. 0 
369.4 
885.3 
902.2 
913.6 
935. 0 
951.4 
967.3 
934.3 
1000.7 
1017.1 
1033.5 
1049.9 
1066.3 
1082.7 
1099.1 
1115.5 
1131.9 
1143.3 
1164.7 
1131.1 
1197.5 
1213.9 
1230.3 
1246.7 
1263.1 
1279.5 
1295.9 
1312.3 
1323.7 

TION: KLAil 
B: 

ATH FALLS 

NAME: MZI-llA 
MEASURED: 

TEMPER 
DEG C 
76.100 
73.500 
73.900 
74.200 
74.300 
75.700 
77.700 
80.300 
31.400 
31.600 
31,100 
82.300 
84.200 
30.600 
81.100 
83.400 
34.300 
80.600 
83.600 
33.600 
32.900 
34.900 
33.300 
83.200 
36.400 
90.000 
97.800 
100.400 
102.000 
104.200 
105.600 
107.100 

10/25/36 

ATURE 
DEG F 
163.93 
173.30 
174.02 
165.56 
165.74 
163.26 
171.36 
176.54 
178.52 
178.33 
177.98' 
130.14 
133.56 
177.03 
177.93 
132.12 
134.64 
177.03 
132.43 
132.43 
131.22 

. 134.82 
131.94 
181.76 
187.52 
194,00 
203.04 
212.72 
215^60 
219.56 
222.03 
224.7S 

AMS, ORE 

GEOTHE."̂  
DEG C/KM 

0.0 
430.0 
30. 0 

-940.0 
20. 0 

230.0 
400. 0 
520.0 
220.0 
40. 0 

-100.0 
240.0 
330. 0 

-720.0 
100.0 
460. 0 
230.0 

-340-0 
600.0 

0.0 
-140.0 
400,0 

-320.0 
-20.0 
640. 0 
720.0 
1560.0 
520, 0 
320.0 
440. 0 
230.0 
300.0 

/,: 

MAL GRADIENT 
DEG. F/lOO FT 

0.0 
26.3 
4.4 

-51.6 
1. 1 

15.4 
22.0 
23.5 
12. 1 

—5. 5 
13.2 
20.9 

-39.5 
5.5 

25.2 
15.4 

-46. 1 
. 32.9 

0.0 
-7.7 
22.0 

-17.6 
-1. 1 
35. 1 
39.5 
35.6 
23-5 
17.6 
24. 1 
15.4 
16.5 

Data from Dave Blackwell's Computer Program.. 



TEMPERRTURE, DEG C 

0 25 50 75 100 125 
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100 
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Lu200 

LU 
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Data Plot From 
Dave Blackwell 



MAZAMA I-llA 
Crater Lake, Oregon 

9/12/86 Move in and rig up Buckner Drilling rotary rig. Drill 8" hole 
to 24' with air foam. 

9/13/86 Drilling 8" hole from 24' to 370' with air and foam. 

9/14/86 Drill 8" hole from 370' to 575' with air and foam. 

9/15/86 Mix mud and condition hole. 

9/16/86 Circulate and condition mud for casing job. 

9/17/86 to Run in hole to 575' and circulate—pull out of hole. Rig up and 
9/28/86 run 18 joints (575') 4-1/2" - 11.6# N-SO casing with 8 round 

LF s C threads. Land casing at 575' and circulated with mud. 
Cemented with Halliburton, ran 3 bbls. of H2O ahead of 
272 cubic feet Class G cement with 1;1 Perlite, 3% gel. 
Displaced top plug to 545' with 8 bbls. of H2O. Plug in place 
at 1500 hours 9/17/86. Good returns (100+ cubic feet). Job 
witnessed by Steve Henderson and Dennis Simontacchi. 

9/29/86 to Weld 6" - 900 series slip on casing head to 4-1/2" casing. 
10/7/86 Install hydraulic operated annular and blind rams BOP's with 

dual controls. Install Hydrogen Sulfide detectors and alarm 
system. Rig up Longyear core rig and work on BOP's. 

10/8/86 Tested BOP's 1/2 hr. each at 700 psi, test ok. Witnessed by 
Dennis Simontacchi. 

10/9/86 Drilled cement from 545' to 575'. 

10/10/86 to Coring HQ size (3.50" OD) hole F/575' to 1354'. Fighting 
10/24/86 lost circulation-

10/25/86 Run temperature survey. 

10/26/86 to Rig down and move off Longyear. 
10/29/86 

GG:sr:20 
Z6132:A5 

DPnpp?P'T/\pY 



United States Department of the Interior 
GEOLOGICAL SURVEY 

Branch of Igneous and Geothennal Proces.ses, MS-910 
345 Middiefield Road, Menlo Park, California 94025 

March 10, 1987 

Mr. Joe LaFleur 
California Energy Co., Inc. 
3333 Mendocino Avenue #100 
Santa Rosa, CA 95401 -

Dear Joe: 

I have looked at the thin sections from the core samples that you sent 
me. The sample from 579 feet looks to be rhyodacite of the general sort 
that makes up most of the hills east of the park. All of the samples from 
deeper in the hole appear to once have been hornblende andesites or dacites 
more akin to Dry Butte rock, but possibly more silicic. So, the major 
contact is somewhere between about 580 and 680 feet. From my notes on the 
photos, I can't pinpoint the lithologic break more precisely. I'm no 
alteration expert, so I hesitate to comment at this time on what secondary 
minerals are in the sections. 

Thanks again for the rocks. The information from the hole certainly 
does provide a new perspective on what's down there. I admit surprise at 
finding all those hornblende-bearing rocks. 

The Portland meeting was a stimulating exercise. At the very least, it 
gave all of us an opportunity to hear what's being studied. 

Sincerely, 

Charles R. Bacon 
(Geologist 
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March 14, 1987 

Director, NPS 
Attn: Energy, Mining and Minerals Division 
(WASO 480, Room 3223 
Main Interior Building) 
National Parle Service 
P. 0. Box 37127 
Washington, DC 20013-7127 

R£: Comment on Criteria in Support of Listing of Crater Lake National Park 
as a Significant Thermal Feature and Request to Delete From List 
Public Law 99-591, Sec. 115 ("The Act") 

Dear Sir: 

We submit that the "thermal features" of Crater Lake National Park are not of a. 
nature requiring additional protection under this Act and therefore should be 
deleted from the Final List. The analyses of the significant thermal features 
of the Park, as prepared by the National Park Service and srunmarized tn the 
2-13-37 Federal Register, is erroneous and misleading. 

There is no evidence for "hot spring" activity existing on the floor, of Crater 
Lake. The identified thermal features on the lake floor eu:e two areas of 
moderately anomalous heat flow. These areas of slightly warmer rock (albeit 
still quite cold at 39*F] cannot be affected by the activities of man. 

The identified temperature anomalies are five miles distant from the nearest 
possible geothermal development. 

Crater Lake and Crater Lake National Park in its entirety, is protected from 
adverse affects under a myriad of existing laws, including the Geothermal Steam 
Act, the National Environmental Policy Act, and leg:islation specific to the 
Park, 

Attached for your consideration are the following: 

Exhibit 1: Critical review and Response to criteria data relied on by the 
National Park Service in support of listing Crater Lake as a significant thermal 
feature. By Joseph LaFleur. Senior Exploration Geologist, California Energy 
Company, Ine-

Exhibit 2: Notice of Conference and tapes of proceedings of a scientific 
conference on the geochemistry and hydrology of Crater Lake, held on February 
24-25, 1987 in Portland, Oregon to "provide a forum for evaluation and 
discussion of relevant research and its implications." Representatives of the 
U.S. Geological Survey, Army Corp of Engineers, Oregon State University, other 
researchers and industry reviewed the data. 
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Director, NPS Page Two March 14, 1987 

A conclusion of the conference was that there was insufficient evidence to 
conclude that thermal springs exist on the bottom of Crater Lake . A major 
conclusion of the conference was that any thermal features which may exist would 
be unaffected by geothermal development outside of the Park on National Forest 
lands. 

We would appreciate notice of any opportunities to participate further in any 
congressional hearings or other opportunities to comment. 

Respectfully submitted, i 

James L. Moore 
Senior Vice President Exploration 

• K 

California Registered Geologist 
#980 

JLF/PE/AKC:42 

Enclosures 



EXHIBIT 1 

Feature: Crater Lake 

Significance Criteria: 1. 

"Size—48 square kilometers" 

Response—This is the approximate surface area of the lake and is not the size 
of the thermal features. The thermal features identified were two areas of 
slightly warmer lake floor. (Williams, D.L. and Von Herzen, 1983 P. 1097). 
These two areas of warmer rock have a combined area of approximately 2.5 sq. 
kilometers (See Attachment 1). The anomalous heat emanating from these slightly 
warmer areas would not be discernible to the touch. These heat flow anomalies 
are over five miles from the nearest possible geothermal development. 

•Extent—Hydrothermal vents are located on the south central 
floor of the basin of Crater Lake at approximately 1500 
feet depth - 30-150 liters per second inflow of thermal 
water is estimated to enter Crater Lake." 

Response—This statement is misleading. Hydrothermal vents were never 
identified or "located." The highest temperature measured in 62 soundings was 
3.64°C (38.6°F), which is less than 0.15°C (0.27°F) above normal lake floor 
temperatures (Williams, D.L. and Von Herzen, 1983). (Note that water freezes at 
0°C). The basis for the 30-150 L/sec "estimate" was never published but it is 
based on the erroneous assumptions that all the chloride in the lake comes from 
currently active hot springs and that the chloride level remains constant at 
this time. There is no data to support these contentions. In fact, the scant 
available data suggests the contrary. The published literature suggests a 
declining chloride concentration. Phillips and Van Denburgh, 1968 reported 
chloride concentrations of 11 ppm in 1912, 10 ppm in 1961 and 9.5 in 1964 
(Phillips, K.N. and Van Denburgh 1968, Table 13, Page E57). The average of 14 
samples taken in 1984 was about 9.1 mg/L (approximately 9.1 ppm). (Salinas, 
White, and Thompson, 1984). This apparent decline rate is in good agreement 
with what the decline rate would be if no chloride were entering the lake (see 
attached Calculation Sheet 1). Therefore, the 30-150 L/sec rate is not a valid 
estimate but an unfounded guess. This guess also ignores the highly probable 
and logical conclusion that other sources of chloride would also contribute to 
the chloride concentration of the lake. Salts deposited on the original caldera 
floor may well contribute to the current lake chemistry. Salts left from 
evaporation would also contribute. Crater Lake evaporates about 2 ft. per year 
(Phillips & Van Denburgh, 1968). A continuing source of chloride may be 
hydrogen chloride gas. Hydrogen chloride (HCl) gas is a volatile common to 
degassing volcanic edifices such as Mount Mazama. Stoiber and Williams recorded 
830 tons per day of HCl emanating from a volcanic crater in Nicaragua (Stoiber, 
R.E. and Williams, S.N., 1984). To ignore this highly probable source of 
chloride is highly inappropriate, especially since other noncondensable gases 
such as helium and radon have been recorded in the lake. Isotopes of helium and 
radon are common to degassing volcanic edifices and provide no evidence for a 
hydrothermal system. 



EXHIBIT 1 Con't. 

The "estimate" of 30-150 L/sec was obtained by comparing the chloride content of 
a lake situated above a degassing major volcanic edifice (6,800 years old), with 
hot springs issuing from convection cells in 5-40 million year old volcanic 
rocks of the western Cascades. There is no reasonable geological basis for this 
comparison. If the author of the "estimate" had compared the chloride content 
of the lake with the chloride content of cold mineral springs, common throughout 
the Cascades, similar flow rates would probably have been "estimated." Chloride 
is not an element necessarily indicative of heat and is not unique to hot spring 
activity. 

Even if one were to accept the totally unfounded and illogical guess that all 
the chloride in the lake comes from currently active "hot springs," the 
resulting "guesstimated" flowrate of 30-150 L/sec would be infinitesimal 
compared to the total lake volume. Annually, the flow rate 30-150 L/sec would 
constitute a volume equivalent to 0.000055 to 0.00027 of the total lake volume 
(see attached Calculation Sheet 2). Compared to the volume of the lake, the 
midpoint of this 30-150 L/sec is equivalent to putting one and a half drops per 
day of thermal water into a 44 gallon bath tub of ice water (see attached 
Calculation Sheet 3). Although there is no evidence that this 1-1/2 drops per 
day is being added, it would have undetectable affect on the physical properties 
of the total volume. The two areas of slightly warmer rock identified by 
Williams and Von Herzen could generate local convection cells that could 
facilitiate vertical mixing to the mid depth range. These two areas of warmer 
rock are the significant thermal features on the lake floor and cannot be 
affected by the activites of man. Therefore, additional legislation to protect 
them is unnecessary. 

"Uniqueness—Crater Lake is among the highest, largest and 
deepest caldera lakes in the world. It is known for its 
blue color nearly pure optical properties cind extreme water 
clarity." 

Response—These statements address the lake not the thermal features. The deep 
blue color is a result of the clarity. The apparent 25-30% loss of clarity in a 
15 year period reported by Dr. Larson (Larson, Douglas W., 1984) will cause a 
change in color if allowed to continue. Any thermal vents, if they were 
present, would add to that loss of clarity by providing nutrients to the lake. 

Significance Criteria: 2. 

"Scientific and geologic significance—Studies indicate that 
thermal springs feed the lake from the vents located on the 
floor of the basin. Bathymetric and temperature surveys 
are needed to characterize the contribution of these vents 
to the lake's water quality. Crater Lake resembles the 
primitive ocean. It is ideal for limnological studies and 
is a prime example of a caldera lake. It is an isolated 
system which approximates a closed system euid provides a 
laboratory to investigate environmental disturbances from 
outside influences such as atmospheric fallout." 



EXHIBIT 1 Con't. 

Response—The statement that thermal springs feed the lake is misleading. The 
only data that may suggest the ascension of thermal waters is the 0.15 C above 
ambient lake floor temperatures that Dr. Williams recorded. This slightly 

o 

thermal (3.64 C) water was interpreted to be lake water convecting downward and 
back upward within the lake subfloor (Williams, D.L., 1983). Therefore, the 
term "feed the lake" is incorrect, since no extraneous water source was 
suggested by Dr. Williams. That is why Dr. Williams has repeatedly stated that 
activity outside of the lake cannot effect the thermal features in the lake. 
The less than 0.15 C anomalous temperature could have been just as reasonably 
interpreted to be conductive heating of lake water from warmer rocks below the 
lake floor, without convection of lake water in the subfloor. 

Crater Lake bears no resemblance to a primitive ocean. The lake had initially 
higher salinity due to fumarolic activity at the time of caldera collapse and 
has become fresher with time. The lake is now fresher than any primitive ocean 
could have been. The oceans became saltier with time and, therefore, the 
comparison is unfounded and illogical. 

Thermal vents occur on the ocean floors where the oceanic crust is being rifted 
away from the spreading centers at about lOcm/yr and active faulting is 
commonplace. The floor of Crater Lake Caldera is tectonically quiescent. Hot 
springs are relatively short-lived features due to self sealing by mineral 
precipitation. The cold lake temperatures and tectonic quiescence of Crater 
Lake make it an unlikely place for hot springs to persist. 

Although Crater Lake is definitely not appropriate for comparison to oceanic 
settings, it does lend itself to interesting limnological studies. However, the 
purpose of the Crater Lake National Park unit was not to provide a laboratory 
for research, it was intended to protect the quality of the lake water. 
Research vessels with outboard motors and water cooled engines do not enhance 
the lake's water quality. 

Significance Criteria: 3. 

"The extent to which the feature remains in a natural, 
undisturbed condition - The feature is in a natural, 
undisturbed condition." 

Response—The thermal features, two areas of warmer rock on the lake floor are 
in natural undisturbed condition. This legislation, however, contends that the 
whole lake is a thermal feature. The lake is not in a natural undisturbed 
condition. Fish have been planted in the lake and there are current research 
results that strongly suggest sewage infiltration from Rim Village may be 
affecting the apparent loss of clarity. (Dahm, Dr. Clifford, 1986). 



EXHIBIT 1 Con't. 

Significance Criteria: 4. 

•Significance of the feature to the authorized purposes for 
which the unit was created - Crater Lake National Park was 
established in 1902 to preserve the caldera lake and to 
assure the retention of the lake's superb water quality (16 
O.S.C. 121)." 

Response—Any thermal vents in the lake would have to be deleterious to the 
quality of the pure lake water. Why is legislation being proposed to protect 
hypothetical thermal vents which, if present, would have effects on water 
quality contrary to the purpose for which the park was established? 
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EXHIBIT 1 Con't. 

CALCULATION SHEET 1 

Reported Chloride Concentrations, Crater Lake, Oregon 

Data Points: Date 

1912 

1961 
1964 

1984 

Cone 

11 
10 
9. 
9. 

:eni 

5 
13 

tration 

ppm 
ppm 
ppm 
ppm 

Source 

Phillips & Van Denburgh, 1968 

II II II n 

Salinas, White, & Thompson, 1984 
(Average of 14 determinations) 

Matrix for Comparison of Apparent Decline Rates 

1961 

1964 

1984 

10 ppm 

9.5 ppm 

9.13 ppm 

1912 
11 ppm 

1 ppm/ 
49 Yrs. 

1.5 ppm/ 
52 Yrs. 

1.87 ppm/ 
72 Yrs. 

1961 
10 ppm 

X 

.5 ppm/ 
3 Yrs. 

.87 ppm/ 
23 Yrs. 

1964 
9.5 ppm 

X 

X 

.37 ppm/ 
20 Yrs. 

The Average Rate of Apparent Decline between any Two Data Points 

1961 

1964 

1984 

1912 

.020 ppm/Yr. 

.029 ppm/Yr. 

.026 ppm/Yr. 

1961 

X 

.167 ppm/Yr. 

.038 ppm/Yr. 

1964 

X 

X 

.0185 
ppm/Yr. 

The average of these six calculated rates of apparent 
decline is .04975 ppm/Yr. 



EXHIBIT 1 Con't. 

If no additional chloride were entering the lake, the chloride decline rate 
could be estimated by determining what the rate of change would be (assuming the 
lake to be thoroughly mixed annually). 

Annual Seepage Loss: 64,400 Acre Ft. 

Total Lake Volume: 14,000,000 Acre Ft. 

6.44 X lO'* Acre Ft. 

Phillips & Van Denburgh, 1968 

14 X lO'' Acre Ft. = .0046 

This ratio would be the rate of decline 
for any given year if no chloride were 
being added. 

,0046/Yr. X 9.13 ppm* .042 ppm/Yr. 

•Averaged 1984 chloride concentration 
(Salinas, White & Thompson, 1984) 

This would be the rate at which the chloride content would currently be 
declining if no chloride were being added. This agrees well with the .04975 
ppm/Yr. calculated for the apparent decline rate from data reported in the 
published literature. 

NOTE: Because the accuracy of analysis for chloride determinations is about 
plus or minus 1 ppm, it is actually impossible to say whether the 
chloride content of the lake is or is not really changing. The apparent 
decline since 1912 is just that - apparent. However,, it is illogical to 
ignore this apparent decline and assume no decline. 



EXHIBIT 1 Con't. 

CALCULATION SHEET NO. 2 

The "estimated" flow rate of 30-150 L/sec: 

1 L/sec = 15.85 gal/min. = 8.33 X 10^ gal/Yr. 

30 L/sec = .25 X 10^ gal/Yr. 

150 L/sec = 1.25 X 10^ gal/Yr. 

Total lake volume = 14,000,000 Acre Ft. (Phillips & Van Denburgh, 1968) 

1 Acre Ft. = 325851.40764 gallon liquid U.S. 

14,000,000 Acre Ft. = 4.57 X 10^^ gallons = Total Lake Volume 

The "estimated" annual flow rate compared to the total lake volume would be: 

,25 X 10^ gal. 

4.57 X 10^2 gai_ 

1.25 X 10^ gal. 

4.57 X 10^2 gal. 

0.000055 

0.00027 

Thus the "estimated" annual flow rates would amount to .0055 to .027 percent of 
the total lake volume. 



EXHIBIT 1 Con't. 

CALCULATION SHEET NO. 3 

From Calculation Sheet No. 2: the "estimated" flow rate of 30-150 L/sec can be 
expressed as an annual flow rate of .25 X 10^ to 1.25 X 10^ gallons per year, 
the midpoint of this range is .75 X 10^ gal/Yr. 

The total lake volume of 14,000,000 Acre Ft. can be expressed as 4.57 X 10^^ 

gallons 

The ratio of the midpoint "estimated" annual flow rate to the total lake volume 

is: 

.75 X 10^ gal. 

4.57 X 10^2 gal. 
.000164 

1 gallon = 256 tablespoons 
1 tablespoon <^ .50 Oz. ̂ ~ 14.8 mililiters 
1 mililiter -̂-̂  20 drops 

The ratio of .000164 is the same as 2 tablespoons per year in a 47.64 gallon 

bath tub 

2 Tablespoons 
256 Tbl/gal X 47.64 gal. = .000164 

2 Tablespoons per year -̂̂  592 drops per year = 1.62 drops per day 

1.62 drops per day into a 47.64 gallon bath tub is equivalent to = 1.5 drops per 
day in a 44.1 gallon bath tub. 

NOTE: You guys sure have me doing some goofy things! 



EXHIBIT 1 Con't. 
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I Joseph G. LaFluer, do hereby testify to the following: 

I am a professional geologist of 20 years experience and have been a registered 
geologist in the state of Oregon since 1977, when registration requirements were 
implemented. I have been working in geothermal exploration for 12 years and 
have been employed as the Senior Exploration Geologist for California Energy 
Company, Inc. for 6 1/2 years. X grew up in the western Cascades of Oregon and 
have been conducting geothermal exploration in Oregon for tha past five years. 
Much of the last five yeeur's work has focused on Mt. Mazama and Crater LeUce. My 
background includes a working knowledge of b«Mt flow, hydrology, geochemistry, 
smd volcemology. I have been investigating hydrothermal systems around the 
world for 12 years and claim a professional overview perspective. 

I have carefully reviewed most of the data on Crater Lake available to the 
public and have discussed this matter with all the researchers involved. I 
believe the attached response to be accurate and scientifically unbiased to the 
best of my ability. 

Dated this 13th day of March, 1987 

C t ^ u ^ H ^ C-. yw»3^>**^-' 

Joseph G. LaFleur, 
Senior Exploration Geologist 
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March 20, 1987 

Director, NPS 
Attn: Energy, Mining and Minerals Division 
(WASO 4 80, Room 3223 
Main Interior Building) 
National Park Service 
P.O. Box 37127 
Washington, DC 20013-7127 

Attn: Pamela A. Matthes 
Environmental Protection Specialist 
Land Resources Division 

Dear Sirs: 

The statements California Energy Company submitted to the National Park Service 
on March 14, 1987 in response to the February 13, 1987 Federal Register listing 
of "thermal features" focused exclusively on Crater Lake. We would like now to 
provide further comment on the broader issue of what the Section 115 bill 
addresses. We regret that this letter was not forwarded during the brief two 
week response period designated by the National Park Service, but we hope its 
content will be evaluated in the final decision making process. 

In point-o£-fact all features within the National Parks are already protected by 
a myriad of legislation. The intent of Section 115 was to identify significant 
thermal features which are "likely" to be affected by geothermal development 
outside of the parks. It is unfortunate that the objective of Section 115 is 
lost in the ambiguous and expansive National Park Service definition of "thermal 
feature." The NPS listing of "thermal features" includes a variety of volcanic 
landforms such as craters, calderas, ash deposits and volcanoes. To suggest 
that these landforms could benefit from additional bureaucracy boarders strongly 
on the absurd. It appears equally unnecessary for the NPS to list parks in 
places that are of no geothermal interest or development potential. To suggest 
that remote springs in Gates of the Arctic National Park or huge volcanoes in 
the Wrangell Range of Alaska require added legislative "protection" is grossly 
incorrect. 

If Section 115 is to have any relevant credibility, it should focus on 
hydrothermal surface manifestations that are viewed by the tourists and that are 
"likely" to be affected by geothermal development. Surface manifestations 
including geysers, hot springs, mud pots and fumaroles are of public interest 
and could be affected if tapped directly. Few, if any, of these types of 
features in the Parks could be affected by any "worst case" development 
scenario. The hydrothermal features of Yellowstone and Mt. Lassen are the only 
ones that may be applicable to such worst case consideration. Under the 
consideration of "likely" to be affected, there are no such features in the 
National Parks that are being threatened by geothermal development. The 
geothermal lease applications in Island Park Caldera, southwest of Yellowstone, 
are highly unlikely to be in hydraulic communication with the Yellowstone 
features. 

C A L I F O R N I A E N E R G Y C O M P A N Y 
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Director, NFS Page 2 March 20, 1987 

If the USGS interpretation of the Lassen system is correct, geothermal 
development outside the southern park boundary would have to rely on limited 
outflow from the park. This would make commercial exploitation for power 
development impractical and, therefore, unlikely to transpire. The data from 
the Walker "0" well, 8 miles south of Lassen Peak, supports the proposed USGS 
model. 

The objectives of Section 115 can best be administered through existing BLM 
leasing and permitting procedures. 

Very truly yours. 

Joseph G. LaFleur 
Senior Exploration Geologist 

JLF:sr:42 


