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somewhat deeper along the Santiam Pass section, in agreement with the relatively low degree 

of alteration seen in the drill hole. 

GEOTHERMAL MODEL 

The effect of alteration on permeability and consequently on heat transport by 

groundwater flow in the volcanic rocks of the Cascade Range has been previously described by 

Blackwell et al. (1982, 1990). They concluded from the drilling evidence that the shallow 

hydrologic properties and shallow thermal conditions were related to the degree of rock 
| i 

alteration, which coincides to some extent with maximum depth of burial (maximum 
ll 

ll 

temperature reached) of the rocks. The degree of success of obtaining gradients in 150 m 
holes in the Cascade Range described by Blackwell et al. (1982) is a testimony to the careful 

selection of sites based on age and alteration criteria by the DOGAMI geologists in ch2irge of 
» 

siting the wells. Geothermal exploration studies, which have been more constrained by a need 
N 

il 
to have data from certain locations, generally higher in elevation, have had significantly lower 

ll 

rates of success in 150 m exploration holes. 

The extensive fluid flow at shallow depths has been referred to as the "rain curtain" and 

discussed in detail for two Newberry Volcano holes by Swanberg and Combs (1986) and 

Swanberg et al. (1988). Temperatures from all deep holes (over 1 km depth) in the Cascade 

Range except the Santiam Pass 77-24 (excluding data from the Newberry volcano which show 

similar characteristics) were shown in Figure 4 of Blackwell et al. (1990, see also Figure 6 in 

Blackwell et al., 1982). In addition to the EWEB-2 and USGS-PUC wells another example of 

the temperature-depth behavior in the High Cascade Range is the 1.4 km deep hole CTGH-1 

drilled near the Cascade Range crest north of Mount Jefferson. It has a heat flow of 110 

mW/m . Its thermal characteristics have been discussed in detail by Blackwell and Steele 

(1987) and Blackwell and Baker (1988a, 1988b). The increase in gradient to regional values 

occurs between 400 and 500 m is associated with the initial occurrence of alteration that has 

taken place at temperatures above 50°C (Barger, 1988) and has lowered the electrical 
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resistivity of the volcanic rocks. In all these cases the gradients and heat flow values in the 

deep holes below the groundwater flow zones are consistent with the predictions based on 150 

m holes nearby or on regional considerations. 

Blackwell and Steele (1987) described temperature-depth data from a well at the edge 

of Crater Lake Park (CE-CL-1) in an area of no surface geothermal manifestations. Hole CE-

CL-1 has a high gradient (about 250°C/km). The results there illustrate that if the surface 

rocks are altered, gradients may be obtained even above the depth of 200 to 400 m typical of 

areas with unaltered volcanic rocks at the surface. Thus in the Cascade Range low electrical 

resistivity values are associated with alteration of the high temperature minerals to clay and 

zeolites and may or may not be associated with contemporary high temperature regions. 

The interpretation is that in general in the Cascade Range the rocks that have been 

subjected to alteration due either localized hydrothermal activity or regional diagenitic low 

grade metamorphism have low resistivity. Thus in general areas of low electrical resistivity 

correspond to areas of generally low permeability, altered volcanic rocks while areas of high 

electrical resistivity generally correspond to regions of high permeability, unaltered volcanic 

rocks. A similar situation has been described in detail at Newberry volcano by Wright et al. 

(1988). 

The deep drilling results show that isothermal sections occur to depths ranging up to 

500 m at various sites within the High Cascade Range although typical values are less than 400 

m. We also conclude that, on the basis of present data, consistently high geothermal gradients 

(in excess of 50°C/km) are observed below the zone of rapid groundwater circulation. The 

only exception at present is the EWEB-1 hole near Santiam Junction. Furthermore, there is 

often an abrupt depth transition between rocks which have high permeability and rapid fluid 

through-flow (near isothermal temperature-depth curves) and rocks where the average 

permeability is quite low and fluid flow is suppressed. The 50-200 m transition zones from 

low to regional values of geothermal gradient typical of the deep holes is evidence that large 

scale flow at depth is unlikely to occur generally except along particularly favorable 

18 



stratigraphic regions or along fractures or fault zones. 

However, the geothermal model for the Santiam Pass area must involve significant, 

general, fluid flow at depth in the Quaternary rocks of the Cascade graben (the eastern half of 

Figure 1). In some cases the flow is confined to discrete aquifers (as in the top of well EWEB-

1) and in other cases there must be general porous media flow. In all probability most of the 

flow systems terminate against the low-permeability preQuatemary rocks of the Westerii 

Cascade Range. Thus warm water is forced to, or close to, the surface along the faults 

bounding the west side of the Cascade graben. The depth of the widespread diffuse flow 

cannot be established at the present time because there are no drill data available below 400 m 

at the west edge of the system and the permeability structure is unknown. The depth of 

ground water flow that effects the heat flow is as deep as or deeper than the level of the lowest 

point along the map, the McKenzie River at elevation of 300 to 600 m, and must at some point 

go as deep as required (at least 1.5 km below the surface) to heat the groundwater to the 76 °C 

seen in one of the hot springs. Thus there is a net loss of heat along the profile through the 
I' 

groundwater system. Ingebritsen et al. (1989) have emphasized the role of this sort of fluid 

flow on the heat transfer in the High Cascade Range. This area comes the closest to the 

characteristics of their ideal model, unlike the area around Breitenbush hot springs where the 

low permeability rocks predominate the section. 

The required loss of heat can be accounted for by leakage of geothermal fluid into the 

McKenzie River drainage at the hot springs such as Belknap and Foley hot springs (Mariner et 

al., 1990) and via unexposed shallow systems such as the one encountered in EWEB-l. The 

inferred reservoir temperatures of the Belknap and Foley systems are only 113 and 99°C 

respectively (Brook et al., 1979), temperatures that could be reached at depths of less than 2 

km in the regional gradient of 65°C/km. So there is no evidence at the present time for very 

hot fluid flow associated with the systems that cause the high heat flow observed along the 

fault zones that mark the west side of the Cascade Graben. 

The general geothermal model that derives from the results described above is shown in 
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Figure 7. The general groundwater flow regime in the area is certainly from the Cascade 

Range crest on the east to the McKenzie River valley on the west more or less parallel to the 

topographic gradient. The temperature profiles in the shallow and deep wells are consistent 

with this assessment. The shape of the profiles is also consistent with a permeability that 

decreases rapidly with depth in the outer 1 km. In the case of the EWEB-2 well the 

permeability must decrease abruptly at a depth of 200 m to explain the abrupt change from 
l i 

near zero to regional gradients there. The more gradual increase in gradient with depth in the 

EWEB-1 and SP 77-24 wells is consistent with a more gradual decrease in permeability with 

depth and/or with vertical groundwater velocities that decrease with depth. Unfortunately, 

neither of the wells is deep enough to definitively outiine the regional thermal gradients and 

fluid flow conditions in this area of the High Cascade Range. 

The type of flow paths expected are shown by the arrows. The length of the arrow 
il 

indicates in a generalized way the flow velocity expected in the depth range shown. Thus the 

rate of flow decreases rapidly in the depth range of 500 to 1000 m and most of the flow is 

confined to depths of less than 2000 m. The flow is complicated by the shallow, warm aquifer 

in EWEB-1 so that the flow pattem is not completely two-dimensional. The flow is primarily 

topographically driven. 
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January 15, 1992 

Dr. George Priest 
Department of Geology and Mineral Industries 
910 State Office Building 
Portland, Oregon 97801 

Dear George: 

During the last quarter we have completed the activities associated with the Santiam 
Pass study. We integrated the results of the last logging of the well (in September) into 
the previous results. We presented a paper describing the results at the 1991 annual 
meeting of the Geothermal Resources Council in Reno, Nevada in early October. 
Since that time the activities have been associated with the completion of the fmal 
report for the project. That report should be in the mail by the end of next week. 

Sincerely yours, 

^ «^.-€_ 

David D. Blackwell 
W. B. Hamilton Professor of Geophysics 

INSTITUTE FOR THE STUDY OF EARTH AND MAN 
GEOTHERMAL LABORATORY / 214 • 692-2745 
SOUTHERN METHODIST UNIVERSITY / DALLAS, TEXAS 75275 



Quarterly progress report 

Santiam Pass 77-24 Geothermal Drilling Program 

Brittain Hill, DOGAMI, October-December 1991. 

Research conducted under D.O.E. grant DE-FG07-89ID12834 for the period 1 

October 1991 through 30 December 1991 focused on the petrology of core from the 

Santiam Pass 77-24 hole. Samples of the Santiam Pass core have been analyzed by a 

variety of techniques over the past year. These data were compiled, and preliminary 

geochemical models were developed during this quarter. In sunmiary, a total of 42 

whole-rock samples were analyzed for major and select trace element abundances 

through X-ray fluorescence (XRF) techniques at Washington State University, Pullman. 

A subset of 20 whole-rock samples were also analyzed for major and trace element 

abundances through Inductively-coupled plasmaspectrometry (ICP) at the University of 

Utah Research Institute. In addition, 12 samples were analyzed for trace element 

abundances through Instrumental Neutron Activation Analysis (INAA) at the Oregon 

State University Radiation Center. 

In general, the ICP analyses gave more precise values for only MnO, K2O, P2O5, 

and a few trace elements; XRF data are more precise and more accurate for other major 

elements. However, the ICP technique provides some of the first analyses of unaltered 

Oregon Cascade volcanic rocks for Li, Be, B, As, Mo, Cd, Sn and Pb. The INAA 

analyses for transition metals and rare earth elements are very precise and accurate, and 

will be extreme]^ useful in constraining and developing petrochemical models in the next 

quarter. The ultimate goal of the geochemical modeling is to contrast and compare the 

petrologic evolution of mafic rocks in the Santiam Pass core with the petrogenesis of 

other mafic rocks in adjacent areas of the central High Cascades (e.g., Hughes, 1990; 

Conrey, 1991). This comparison will be used to further constrain geothermal models for 

the Santiam Pass area. 

Next quarter's activity will focus on the interpretation of geochemical and 

geothermal data, and the preparation of an open file report. A preliminary outline for 

this report consists of chapters on the general geology of the Santiam Pass area (G. 

Priest and B. Hill), drilling operations (D. Benoit), core petrology (B. Hill), and geophys­

ical data (D. Blackwell, B. Hill, G. Priest). 



REVISED Santiam Pass Budget As Of: 13-Jan-92 

Incorporates changes to indirectX & charges; G. Priest, 10/90 
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2/30/90 841.95 0.190 1001.92 190041.00 

3/30/90 3135.10 0.190 3730.77 186310.23 

4/30/90 2531.12 0.190 3012.03 183298.19 

6/30/90 1964.50 0.190 2337.76 180960.44 

7/30/90 6708.22 0.161 7788.24 173172.20 
8/30/90 18045.97 0.161 20951.37 152220.82 

9/30/90 20816.07 0.161 24167.46 128053.37 

10/30/90 79397.32 0.161 92180.29 35873.08 
11/30/90 7420.05 0.161 8614.68 27258.40 
12/30/90 2684.17 0.161 3116.32 24142.08 

1/30/91 1731.89 0.161 2010.72 22131.35 
2/30/91 670.70 0.161 778.68 21352.67 
3/30/91 283.92 0.161 329.63 21023.04 

4/30/91 754.38 0.161 875.84 20147.21 

5/30/91 689.19 0.161 800.15 19347.06 

6/30/91 347.05 0.161 402.93 18944.13 
7/30/91 256.12 0.203 308.11 18636.02 

8/30/91 294.74 0.203 354.57 18281.45 
9/30/91 222.35 0.203 267.49 18013.96 
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Quarterly progress report 

Santiam Pass 77-24 Geothermal Drilling Program 

Brittain Hill, DOGAMI, Januaiy-March, 1991. 

Research conducted under D.O.E. grant DE-FG07-89ID12834 for the period 1 

January 1991 through 30 March 1991 focused on the petrology and petrography of 

Santiam Pass 77-24 core. Other activities included development of regional structural 

models using constraints from the Santiam Pass hole, and presentation of scientific 

results of this project at a Oregon Department of Geology and Mineral Industries open 

house and the annual meeting of the Canadian Geothermal Energy Association, and 

preparation of an article for the Geothermal Resource Council Transactions (Blackwell, 

Hill, and Priest). 

Detailed petrographic analysis has been accomplished on the upper 1200' of core. 

These data will be combined with geochemical data to model the chemical evolution of 

the Santiam Pass volcanic system, and to further constrain low temperature alteration 

relationships. Units examined to date show abundant textural evidence of magma 

mixing, indicating that the Santiam Pass volcanic system may have been open to relative­

ly large amounts of recharge. Core petrography and geochemical modeling will continue 

into the next quarter. 

K-Ar ages and sample depths from the Santiam Pass core have been combined 

with other dated volcanic units in the surrounding area to produce a structural model for 

the Santiam Pass area of the Oregon Cascades (figure 1). Mafic flows of about 1.8 Ma 

are exposed 16 km west of the drill site (Black et al, 1987), at elevations of «3200' 

(figure 1). If these flows are correlative with the «1.8 Ma mafic flows in the Santiam 

Pass core, then there is a minimum vertical displacement of 440 meters between these 

units. This displacement may be associated with the north-striking structure that con­

trolled emplacement of the Sand Mountain cinder cones (figure 1), or some other buried 

tectonic, feature. 

Mafic flows of about 5.2 Ma are exposed 19 km east of the drill site at the top of 

Green Ridge (»1550 m), which represents the eastern margin of the High Cascade 

Graben (Smith et al, 1987). Offset between the top of Green Ridge and the base of 
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Quarterly progress report 

Santiam Pass 77-24 Geothermal Drilling Program 

Brittain ffiU, DOGAMI, Februaiy, 1991 

A 929 meter (3046') geothermal observation hole has been completed near 

Santiam Pass on the axis of the High Cascades of Oregon. Partial funding for this 

project was obtained through a U.S. Department of Energy Geothermal Research Grant 

(DE-FG07-89ID12834) to the Oregon Department of Geology and Mineral Industries 

(DOGAMI), and a one-third cost share from Oxbow Geothermal Corporation. Progress 

from September through December, 1990, was as follows: 

Diamond core drilling was done by Tonto Drilling Services, Salt Lake City, under 

the direction of Oxbow Geothermal and DOGAMI. The hole was drilled from 140 

meters to TD using HQ (4" o.d.) diamond core rods, with > 99.5% core recovery. 

Drilling operations commenced on August 10, 1990, and proceeded at an average daily 

rate of 91 ft/day with no significant delays. Total drilling costs, including rotary drilling 

of the upper 140 meters, were approximately $224,000; core drilling costs averaged 

«$75/ft, and rotary costs were »$65/ft. The hole was conditioned with heavy drilling 

mud and completed on 9/14/90 with 1.9" I.D. water-filled black pipe to TD. 

Caliper and sonic logs were mn prior to completion by Dr. David Blackwell, 

Southern Methodist University. Natural gamma-ray and temperature logs were run on 

9/19/90, and an additional temperature log was run on 9/27/90. A preliminary, non-

equilibrated bottom hole temperature is 24 °C, with apparent temperature gradients of 

«60°C/km from 700-900 meters and «120°C/km from 905-920 meters. The tempera­

ture profile of SP 77̂ 24 is shown in figure 1. Data from sonic and natural gamma-ray 

logs is being correlated with hthologic logs. The hole will be logged at least once more 

before September, 1991. 

The hole lithologies consist of «95% basalt to basaltic andesite flows and dikes, 

with «5% volcanic sediments; most of the units in the upper 670 meters are basaltic 

andesite (Si02 « 54%). Disseminated, low grade zeoUtic(?) alteration is present in the 

lower «100 meters of the core. Large variations in Fe3+/Fe2+ (figure 2) indicate that 
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most of the mafic flows below «300 meters have undergone post-emplacement oxidation, 

which was hkely produced through interaction with groundwater. Preliminary K-Ar age 

determinations indicate that the age of bottom of the hole (928 m) is 1.81 ± 0.05 m.y., 

and that the section above «500 meters is younger than 1 m.y. Detailed core studies, 

including petrographic analysis, measurement of thermal conductivity, and major and 

trace element analyses, are currently in progress. 

The Santiam Pass hole is scheduled remain open for research through September, 

1991. Interested researchers should contact Brittain Hill at the Department of Geo­

science, Oregon State University, Corvalhs, OR 97331-5506 (503-737-1201, FAX 503-737-

1200) to coordinate studies. Opportunities for core studies also exist for the Santiam 

Pass hole, and for several other 200-550 meter High Cascade cores and drill cuttings. 

The results of this project are scheduled for publication as a DOGAMI Open-file Report 

in early 1992, and preliminary results have been presented in an informal session at the 

Fall Meeting of the American Geophysical Union in San Francisco, California. 
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g. Total Federal share of outlays 
(Line a minus line f ) 

h. Total unliquidated obligations 

i. Leaa: Non-Federtil share of unliquidated 

i. Federal share of unliquidatad obiigations 

k. Total Federal share of outlays and 
unliquidated obiigations 

1. Total cumulative amount of Federal funds 
authorized 

m. Unobligated balance of Federal funds 

IX. 
INDIRECT 
EXPENSE 

m. TYPE OF RATE 

b. RATE 

1 6 . 1 % 

(a ) 
USDOE 

$ 7 1 , 9 4 7 

1 0 3 , 9 1 1 

1 0 3 , 9 1 1 

1 7 5 , 8 5 8 

1 7 5 , 8 5 8 

1 7 5 , 8 5 8 

2 0 0 , 0 0 0 

2 4 , 1 4 2 

(b) Pc iva teFunds 
(Oxbow) 

$ 100 ,00 

25 ,858 

25 ,858 

125 ,858 

125 ,858 

- 0 -

STATUS OF FUNDS 

^(e) 

$ 

2 PROVISIONAL Q PREDETERMINED Q HNAL [ ^ FIXED 

c BASE 

1 5 1 , 4 7 1 

aovenang Itgit lation. 

d. TOTAL AMOUNT 

24,387 
• . FEDERAL SHARE 

24 ,387 

(d) 

% 

13. CERTIFICATION 

1 certify to the best of my knov 
lief that this report is correct anc 
that all outlays and unliquidat 
are for the purposes set forth 
documents. 

249-102 



NEIL GOLDSCHMIDT 
GOVERNOR 

Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 
PHONE (503) 229-5580 FAX (503) 229-563? 

To: 

From: 

Subj ect: 

June 29, 1990 

Interested Persons, Program for Scientific Drilling in 
the Cascades 

Brittain Hill, DOGAMI t ^ ^ -

Update on Santiam Pass Drilling Project 

Drilling at the Santiam Pass has been delayed due to mechanical 
problems with the drill rig. It is not certain when the rig will 
arrive at the site, but the best estimate is August 6, 1990 + a 
week. Drilling operations may have to be modified due to fire 
hazard conditions, but it is unlikely that a full suspension of 
operations will occur. On a more positive note, the mosquitos 
will be gone by August. 

The attached map will be useful for those of you who are still 
planning to visit the site. There should also be some orange 
flagging at the intersection of Hwy 20 with the turnoff. I will 
be camping at Blue Lake Resort, which is about 8 miles east of 
the site. There are also numerous Forest Service campgrounds 
around Blue Lake & adjacent Suttle Lake. The nearest motels are 
located in Camp Sherman (15 miles from the site) and Sisters (25 
miles). 

Once again, please contact me as soon as possible if you are 
interested in studies involving the Santiam Pass core. I can be 
reached until August at: Department of Gegsciences, Wilkinson 
Hall 102, Oregon State University, Corvallis, OR 97331-5506, 
(503) 737-1201. 
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July, 16, 1990 

Dr. George Priest 
Department of Geology and Mineral Industries 
910 State Office Building 
Portland, Oregon 97801 

Dear George: 

Enclosed in this package are a copy of the revised JGR ms that has gone in to the journal, some 
figures with resistivity information for the Santiam Pass area (and a quarterly report which is 
part of this letter), and copies of the temperature-depth logs for the two Occidental holes at 
Newberry. 

Since the last quarterly report we have been working on the compilation of the exploration data 
in the Santiam Pass area. That compilation is now complete. We have digitized die results of 
the various electrical exploration studies and plotted them on the same scale map as the 
geothermal gradient data discussed previously. Working copies of the maps are enclosed. 
These maps are on the same base as Figure 5 of the manuscript for the JGR volume. The 
discussion of the thermal characteristics of the Santiam pass area in the paper is part of this 
report and represents the state of knowledge before the drilling of the Santiam Pass well. 

None of the electrial resistivity data impinge directly on the drill site, but the results are fairly 
extensive in the area to the west, especially along the McKenzie River. The low resistivity area 
that was the target of the Fish Lake EWEB hole is clearly shown on the maps. However, the 
thermal gradients in that hole, after passing through the shallow, warm aquifer, were below 
regional values. Apparendy the low values are related to alteration rather than directly to 
temperature. 

Figure 5 represents an updated geothermal gradient and heat flow map of the area. Although the 
data are scattered, I believe that there is quite general upflow of warm water along the fault 
zone that controls the north-south streach of the McKenzie River. There is evidence for such 
flow from the vicinity of Santiam Junction at two holes, possibly at 14S/6E-15AD to the south, 
and in the south end of the map at Foley, Belknap, and Bigelow hot springs. The volume of the 
flow(total heat loss) can not be to significant, however, because Mariner and others (JGR paper) 
were not able to document any major leakage of hot fluid into that section of the McKenzie 
River on the basis of their geochemical studies. 

Sincerely yours. 

^ 
David Blackwell 
Hamilton Professor of Geophysics 

cc: Doug Wilde, Grants and Contracts 

DEPARTMENT OF GEOLOGICAL SCIENCES / 214 • 692-2750 / FAX 214 • 692-4289 
SOUTHERN METHODIST UNIVERSITY / DALLAS. TEXAS 75275-0395 





C c ^ k . . ^ , ( I ' ' , l'^ ^^^j^ I ' - \ c . ^ < ^ 



.LrJTtli^T-'iT/^TfG .-̂  rf^JO C t d c i - i i ^ 
'V. 0/7 MCA' 



Col~^lo<'V^fi 1̂ ^ ,..J 2'"' / a y ^ i 



V^ L " • T ' 



Cc,v,L--J ' • ^̂ ", 5" ^ ^ j - r ' Lc^^^ 



SUy^Vl .^^ ^^'^'^ - ^-'A/'^ucTo.^ce vuv.vt5 

-122.12 -122.09 -122.05 -122.02 -121.98 -121.95 -121.91 
^•••5 I—I—I—I—I—I—I—I—I—I—I—I—I in\ IK I I—I A\. I iw vin i—i 44.45 

44.42 I-

44.40 h 

44.37 h 

44.35 h 

44.32 h 

44.30 I-

44.27 

44.24 

44.22 F 

44.19 

44.17 

44.14 

H 44.42 

H 44.40 

44.37 

44.35 

H 44.32 

H 44.30 

H 44.27 

H 44.24 

H 44.22 

^ 44.19 

44.17 

44.14 
-122.12 -122.09 -122.05 -122.02 -121.98 -121.95 -121.91 



T' 
/ 

/ 
I I T 15 ' 

lO 

in o 

r > f- 1. J 

J A *- > < 

/\ > < A ? *• •> r i t >- J < 

' ' ^ r -I > ^ >> < ^ ' A ^ ^ ^ ^ ^ V ^ < ^ 

> ^ < A •* SCALE » r 1 t ^ ' ^ ' ^ \ J 

V 4 ' t • T I- > 

121** 45* 

/ 

) 

\ 

/ 

o 

°5 

BL o 

{ 

JBC 

\ 
\ 
\ 

I 
NSi|[ 

i 

( 
I 

ssA 

L 

in o 

122'15' 121 45* 

Tv ̂ M ^ 



Figure 5. Geothermal gradient ("C/km, upper value) and heat flow values 

(mWm , lower value) for eites in Santiam Junction-Belknap/Fpley 

area. Holes in Holocene roc)cs are marked by open triangles. 

Major volcanic centers are shown as stars; Cascade Range crest is 

the dashed line. Major west-edge bounding faults of Cascade 

graben are shown. Rocks older than Quaternary shown by the caret 

pattern (from Black et al., 1987; Priest et al., 1988). Stippled 

pattern marks larger areas of fluid flow and heat flow anomalies. 

Abbreviations are TFJ, Three Finger Jack; BL, Blue Lake; MW, Mt. 

Washington; BC, Belknap Crater; NS, MS, SS; North, Middle and 

South Sister; SM, Sand Mountain. 
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FINANCIAL STATUS REPORT 
(FaOtno iaatruetiana tm the back) 

3. RCcmENT ORQAIIIZATION (JVaa* amd eamptaU addrmu, mOtidina ZIP cad*) 

Oregon Department of geology and 
Mineral Industr ies 

1400 SW F i f t h Avenue, Suite 910 
Port land, Oregon 97201 

10. 

PROGRAMS/FUNCTIONS/ACTIVrriES • 

a. Net outlays previously reported 

b. Total outlays this report period 

c Less: Program income credits 

d. Net outlays this report period 
(L ine b minus Una e) 

e. Net outlays to date 
(L ine a pltia Une d) 

f. Leaa: Non-Federal share of outiays 

g. Total Federal share of outlays 
(L ine e minua line f ) 

h. Total unliquidated obligations 

i. Leaa: Non-Fedei4l share of unliquidated 
obligations shown on line h 

j . Federal share of unliquidated obligations 

k. Total Federal share of outlays and 
unliquidated obligations 

1. Total cumulative amount of f kd^ r i l funds 
authorized 

m. Unobligated balance of G^^/uil funds 

11. 
INDIRECT 
EXPENSE 

<'̂ ) USDOE 

% 0 

8,736 

8,736 

8,736 

8,736 

8,736 

200,000 

191,264 

X. FEDERAL ASENCT AND OR6AN1ZATIOMAL ELEMENf TO WWCH REPORT IS SUBMrTTED 

U.S. Department of Energy 

4. EMPLOTER IDENTIFICATION NUMBER 

93.6001955 

2. FEDERAL SRANT OR OTHER IOENTIFYIN« 
NUMBER 

DE-FG07-89ID12834 

5. RECIPIENT ACCOUNT NUMBER OR lOENTIFYINe NUMBER 

«. PROJECT/GRANT PEMOO tSm iiutrmetiam) 

FROM {Uvmtk. day, ymr) 

6-27-89 
TO ( M M A . day. y a r ) 

12-31-89 

OMB Approved 
No. 8O-RO180 

C FINAL REPORT 

• YES SJNO 

PAGE 

1 

OF 

•'• PAGES 

7. BASIS 

£ i CASH • ACCRUAL 

%. PERIOD COVERED BY TNIS REPORT 

FROM ( V m a . day, »Mr) 

6-27-89 
TO (M<mlk, day, yw r ) 

12-31-89 
STATUS OF FUNDS 

W P r i v a t e Funds 
( n x h n w ) 

$ 0 

29,460 

29,460 

29,460 

100,000 

70,540 

(e) 

% 

a. TYPE OF RATE 

(Place " X " i n apprtrpnaU box) • PROVISIONAL Q PREDETERMINED Q FINAL 2 1 " * ^ 

b. RATE 

19% 
C BASE d. TOTAL AMOUNT 

7,342 1,394 
a. FEOERAL SHARE 

1,394 
* ^ ^ l ^ ^ ^ k ^ i ^ ^ * " ' * "»*• " • *«»" < « " • ' iMCtnary sr taformation rnnand by Ftdtrml epanaorimg metmey m e<m|>Uam«« witk 

(d) 

% 

13. CERTIFICATION 

1 c e r t i ^ to the best of my knowledge and be­
lief that this report is correct and complete and 
that all outlays and unliquidated obligations 
are for the purposes set forth in the award 
documents. 

(•) 

% 

(f) 

$ 

^ 

SIGNATURE OF AUTHORIZED CERTIFYING 
OFFICIM. ^ 7 Z • / < ' 

T i l ^ OR PRINTED NAME AND TITLE 

0 

TOTAL 
( g ) 

^ 

DATE REPORT 
SUBMITTED 

TELEPHONE ( A r t a coda. 
number and extenawn} 

269-102 STANDARD FORM 269 (7-76) _ ^ ^ 
Prascrtbad by OfKca of Managamant and Budgat 
Cir. No. A-110 
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Preliminary summary litlioiogy log 

Brittain Hill 
Oregon Department of Geology 

& Mineral Industries 
1990 

SBBsaaas 

Legend 

Basalt flow 

Mafic flow breccia 

Mafic near-vent agglutinate 

Basaltic andesite flow 

Andesite flow 

Basalt dike 

Debris flow deposit 

Volcanic sediments 

All lithologies based on 
hand-sample identification. 

Scale : 1 " = 100' 
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Depth 
(m) 

Santiam Pass 77-24 
Preliminary summary lithology log 

Lithology Pmag Description 

725 
740 

785 

825 

850 

915 

945 

980 

1030 

1055 

1100-

»mmm»mmi 

Mafic flows and volcanidastics, 
drilled w/ tricone bit. 

Blocky, olivine-bearing basalt flow. 
Some locally intense smectite 
alteration near the base. 

Blocky plagioclase basalt flow 

Debris-flow deposit 

Blocky diktytaxitic basalt flow 

Massive, basaltic andesite (?) flow 

Blocky olivine-bearing basalt flow 

Aphyric basalt flow 

Rubbly olivine-bearing basalt flow 

Massive basalt flow 

Biocky fine grained basalt flow. 

Massive basaltic andesite (?) flow 
with deutericaliy-altered flow top. 

Vesicular basalt dike 

a/a basaltic andesite flow 

a/a basalt dike 

a/a dike & basaltic andesite flow 

Blocky vesicular basalt flow 



Santiam Pass 77-24 
Preliminary summary lithology tog 

Deptb UtbQlogy Pmag Description 

(m) 1100-mil mill i a/a basalt flow. 

Blocky, aphyric basalt flow. 

Massive, fine grained basalt flow. 

1280-
Massive, olivine basalt flow 

1305-
Vesicular, plagioclase basalt flow. 

1335-|| | | | | | | | | | | | | | | | | | | | 
Massive, fine grained basalt flow. 

1375 

1125-

1180 

1685 

1735 

1800 

> 

Massive, plagioclase-porphyritic 
basaltic andesite (?) flow. Coarse 
grained groundmass in interior of 
unit. Variable and weak deuteric 
alteration of groundmass. 
Selected for K-Ar age dating. 

Vesicular, plagioclase basalt dike a/a. 

Blocky, vesicular fine grained basalt. 



Santiam Pass 77-24 
Preliminary summary lithology log 

Depth uthology Pmag Description 
("̂) 1800-

1865 

1970-

2005-

2035-
2055-

2230-
2245-

2275-

2295-
2325-
2345-

2405 

jj^S^^ 

a/a vesicular basalt. 

Blocky olivine basalt. Overlain by 
reworked cinders and 1' thick paleosol 
on upper flow breccia. 

Blocky plagioclase basalt flow. 

Vesicular, plagioclase basalt dike. 
Blocky plagioclase basalt flow a/a. 
Vesicular, plagioclase basalt dike a/a. 
Massive, fine grained basalt flow. 
Vesicular, plagioclase basalt dike a/a. 
Massive, fine grained basalt flow a/a. 
Debris flow deposit capped by 2' paleosol. 

Blocky, fine grained basalt flow 
intercJated with fine grained sediments. 

Fine-grained volcanic wacke. 
Basaltic flow breccia. 
Vesicular, plagioclase basalt dike. 
Blocky, aphyric basalt flow. 
Blocky, fine grained & oxidized basalt flow. 
Vesicular, plagioclase basalt dike a/a. 
Moderately fractured, aphyric basaltic 

andesite flow. Weak pervasice zeolitic 
alteration. 

Blocky, vesicular aphyric basalt flow. 
Occasionally amygdaloidal, w/ limonitic 
alteration. 

Basaltic flow breccia w/ small basalt dikes. 



Santiam Pass 77-24 
Preliminary summary lithology log 

Depth uthology Pmag Description 
(m) 2500- ffT-i 

Basaltic flow breccia w/ small basalt dikes a/a. 

Massive, fine grained basaltic andesite flow. 
Capped by 4' of mafic cinders. Weak and 
pervasive zeolitic alteration in groundmass 
and along fractures. 

Massive, olivine basalt flow. Weak pervasive 
zeolitic alteration in groundmass and 
fractures. 

Debris flow deposit. Consistent weak normal 
P-mag signature. 

Coarse-grained volcanic sediments. 

Mafic near-vent agglutinate. 

Massive basaltic andesite flow. Weak to 
moderate pervasive zeolitic alteration in 
groundmass and along fractures. 

3046- •111 Massive porphyritic andesite flow(?). Small 
basalt dike at 3025'. 



October 12,1990 

Dr. George Priest 
Dept. of Geology and Mineral Industries 
910 State Office Building 
Portland, Oregon 97201 

Dear George: 

Enclosed are copies of the logs for the Santiam Pass well. I have enclosed a floppy 
disk with the results included as well for your use. We ran a caliper log over a depth 
range of 105 to 230 m and about 400 to 929 m. The segment between 400 and 
840 m seems to have disappeared, however. There were no enlargements of the 
hole over 3.95 inches within the missing interval so no really useful data was lost. 
We ran a natural gamma ray log in the tubing after the hole was complete from the 
surface to 921 m. There is some character to the log and I suspect that there will 
be a correlation with the geology when Britt gets a summary log done. We ran 
temperature logs from the surface to 920 m (9/19/90) and to 929 m (9/27/90). 
The bottom stands of pipe must have leaked mud as we had great difficulty getting 
the tools to go below 920 meters and on the 9/27/90 log the temperature 
equilibration of the tool in the bottom of the hole was anomalously slow. We ran a 
sonic log in the hole between 400 and 929 m, but as you know we had trouble 
getting the tool to pick the velocities properly. We recorded the waveforms on 
videotape and will work with the tape to try to pick some typical velocities for the 
hole using the videotape. 

Between the two temperature logs the temperatures in the upper part of the hole 
cooled about 1 to 1.5 °C with the exception of the depth range 160 to 180 m and 
below 910 m. This is the response of the well the drilling disturbance. The shallow 
zone that shows little drilling effect must be a zone of active groundwater flow and 
the flow of the water past the hole has caused the hole to recover more rapidly than 
the areas of the hole not so effected. When the recovery is complete the 
temperatures in the groundwater zone will probably be about the 3°C now 
characteristic of the 170 m zone. The volume and rapidity of the flow is 
emphasized by the fact that we presumably lost most of the drilling fluid into this 
zone with virtually no temperature effect. 

The results are disappointing because the temperatures are so low. The worst thing 
though is the downflow that effects most of the interesting part of the hole. As best 
I can tell the flow enters the hole at above 350 m (perhaps as shallow as 160 m) 
and exits the hole between 900 and 905 m. The best evidence of the undisturbed 
temperatures in the well are the BHT's measured during the drilling. These are 
shown on one of the plots. These imply that the gradient in the hole might be on 
the order of 15°C/km between 160 and 750 m, about 60°C/km between 750 and 
850 m, and about 100 to 120°C/km at the bottom of the hole. The 50°C/km 
gradient is slightly below regional for the area while the gradient of 120°C/km is 
about 50 to 100% high. We will rework these BHT's to get the most accurate 
numbers possible during the next few weeks. 

INSTITUTE FOR THE STUDY OF EARTH AND MAN 
GEOTHERMAL LABORATORY / 214 • 692-2745 
SOUTHERN METHODIST UNIVERSITY / DALLAS, TEXAS 75275 



The average gradient in the depth range 900 to 920 m is 120''C/km. The minimum 
gradient in the bottom third of the hole is 50°C/km. The high gradient in the bottom 
zone may or may not be the best to use in further extrapolation to depth. Two 
examples to illustrate possible interpretations are shown in a separate figure based 
on two other holes on the Cascades. On hole is from the Mt Hood area (USGS-PUC) 
and one hole is about 25 km northwest of the Santiam Pass hole (EWEB-2). In the 
EWEB-2 hole (elevation 3920 ft) the regional gradient of 65°C/km starts 
immediately below the groundwater effect at 250 m. In the USGS-PUC hole the 
regional gradient is reached at about 400 m, below about 200 m of higher-than-
regional gradient. 

The nearest hole to the Santiam Pass well is about 12 km to the west at the EWEB-
CL site near Fish Lake (elevation 3200 ft, the Santiam pass hole is at 4800 ft so the 
difference is about 600 m, see the enclosed map). The temperature-depth data are 
plotted with the Santiam Pass data for comparison. Both wells appear to be in areas 
of recharge as the temperatures are below normal and the gradients are mostly 
below norrnal (unless the bottom part of the Santiam Pass well is a measure of the 
true geothermal gradient there. The high temperatures at 200 m in EWEB-CL 
(28°C) are evidence of some flow of warm water from as yet unlocated direction. 

If you want additional plots, data, or have questions let me know. Interpretation is 
our goal in the next couple of months as we continue to work on the data sets, 
measure thermal conductivity, etc. We'll keep you informed of the results. 

Sincerely yours. 

> 

David D. Blackwell 
Hamilton Professor of Geophysics 

cc: Britt Hill 
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1̂  FINANCIAL STATUS REPORT 
^ (FoUov) inatruetions on the hack) 

3 . RECIPIENT ORGANIZATION {Nam* and eomvltU addrt**, ituitidina Z I P code) 

Oregon D e p a r t m e n t of Geology 
and M i n e r a l I n d u s t r i e s 

1400 SW F i f t h A v e . , Room 910 
P o r t l a n d , OR 97201 

10. 

PROGRAMS/FUNCTIONS/ACTIVITIES • 

a. Net outlays previously reported 

b. Total outlays this report period 

c. Lesa: l»rogram income credits 

d. Net outlays this report period 
(Ltne 6 minus line e) 

e. Net outlays to date 
(Line a plua Une d) 

f. Lesa: Non-Federal share of outlays 

g. Total Federal share of outiays 
(Line a minus litu f) 

h. Total unliquidated obligations 

i. Leaa: Non-Federal share of unliquidated 
obligations shown on line h 

j . Federal share of unliquidated obiigations 

k. Total Federal share of outlays and 
unliquidated obligations 

1. Total cumulative amount o f / ^ / c ^ ^ n d s 
authorized 

m. Unobligated balance of ^ 9 / 9 ( funds 

1 1 . 
INDIRECT 
EXPENSE 

(a) 
USDOE 

$ 1 9 , 0 4 0 

5 2 , 9 0 7 

5 2 , 9 0 7 

7 1 , 9 4 7 

7 1 , 9 4 7 

. 

7 1 , 9 4 7 

200 ,000 

1 2 8 , 0 5 3 

I . F E D E R A L A G E N C Y ANO ORGANIZATIONAL ELEMENT TO »»HICH REPORT IS SUBMnTEO 

U.S Depa r tmen t of Energy 

4. EMPLOYER IDENTIFICATION NUMBER 

93 .6001955 

2. FEOERAL GRANT OR OTHER IDENTirriNG 

DE-FG07-89ID12834 

S. RECIPIENT ACCOUNT NUMBER OR IDENTIFYING NUMBER 

a. PROJECT/GRANT PERIOD IS** i i u t n c t v x u ) 

FROM {Montk, day, y a r ) 

6 / 2 7 / 8 9 
TO (Month, day, y*aT) 

1 0 / 1 5 / 9 2 

OMB Approved 
No. 80-RO18O 

& FINAL REPORT 

D ^ E S 0^NO 

PAGE 

1 
OF 

1 
PAGES 

7. BASIS 

^ CASH Q ACCRUAL 

9- PERIOD COVERED BY THIS REPORT 

FROM (Month, day, w a r ) 

7 / 1 / 9 0 
TO {Montk, day. y*aT) 

9 / 3 0 / 9 0 
STATUS OF FUNDS 

f^frivace funds 
(Oxbow) 

5 2 4 , 4 6 0 

7 0 , 5 4 0 

7 0 , 5 4 0 

1 0 0 , 0 0 0 

1 0 0 , 0 0 0 

- 0 -

(c) 

$ 

a. TYPE OF RATE 
(Place " T ' in appropriate box) • PROVISIONAL • PREOETERMINEO Q FINAI. Q [ nxEO 

b. RATE 

16 .1% 
c BASE 

$61 ,970 
d. TOTAL AMOUNT 

$11 ,573 
• . FEDERAL SHARE 

$ 1 1 , 5 7 3 
12. REMARKS: Attacit any extdanation* d—m*d n*eu*ary or im/ornuuio* rutnir td t>y Ftd*rai tpmuorine aeeaey m eompliaite* » « * 

(d) 

$ 

13. CEimnCATION 

1 certify to the best of my knowledge and be­
lief that this report is correct and complete and 
that all outlays and unliquidated obligations 
strm 4i\r t h s DlJma«** a>A* ^Ma^k :>• ^ k ^ ^....aai 

documents. 

(«) 

$ 

(f) 

$ 

-« 

SIGNATURE QF AUTHORIZED CERTIFYING 
OFFICIAL / / / > 

T f ^ D OR PRINTED NAME AND TITLE 

John N i e l s e n , B u s i n e s s Mgr. 

TOTAL 
(9) 

$ 

DATE REPORT 
SUBMITTED 

TELEPHONE (Area coda. 
number and extension) 

5 0 3 - 2 2 9 - 5 5 8 0 
269-102 STANOARO FORM Z69 (7-76) 

Proscribed by Offico of Managomont and Budgat 
Cir. No. A - n o 



roRM lia-taar 

U.S. DEPARTMENT OF ENERQY 
FEDERAL ASSISTANCE PROQRAM/PROJECT STATUS REPORT *on» AffmyiD 

OMt N«. i M t i n 

I. P»ogr*m/Pio|«ci MwitlflcMlon No. 

DE-FG07-89ID12834 
2. Plofltam/Piolaci TM* 

Inves. Thermal Reaimp Hi9h r.acraHoc n ^ 
3. RmirtlnaPMled 
7 / 1 / 9 0 •.<weogh.?/30/90 

4. Nam* and Addiaaa 

Oregon Department of Geology and Mineral Industries 

B. nearHlWfVQiaet Blvt D M * 

6727/89^ 
6. CofKplMion OMa 

10/15/9? 
7. Apptoach Chang** 

Q N o n * 

a Pafiotmane* Vailanc**, AccompUahmann, e> ^ebl*ma 

(x^Non* 

kSSSSSSSSSSSi 
0, Oti«nA*mi 

K ] Non* 

10. Siaiua AaaaaanMMM Mid Fw*ca«i _ ^ _ _ _ „ ______^__; 

Diamond coring was completed to a depth of 3046 ft. on September 17, 1990 
Drilling rates averaged 90.7 ft/day during the 28.5 days of coring. The 
attached graph shows time vs. depth for the coring. The hole was cased 
with water-filled, capped 2-inch tubing. 

Field logging of core an<( the hole is complete. Summaries of the findings 
are attached. 

The project is on schedule and met most objectives, although additional 
depth on the hole would be highly desirable to facilitate gradient 
interpretation. 

Q No DrHmlon hom Plan la Exp*ct*d 

11. Daaalptlon ol Anachmants 

Logs and preliminary interpretations. 

D Non* 

12. SlgnMui* ol Raciptani and D M * 

' ^u^ . y^^ ' ^&U . .^1 /d -Z9-9D 
13. S»gn>twe ot 006 W«w»ew»fcn W*ni«**i*Wiin i d Oeie 



M)IIMilA4IN 
I 

U.8. DEPARTMENT OF ENERQY 

FEDERAL ASSISTANCE MANAGEMENT SUMMARY REPORT 
raWM APfflOVf 0 
OMB Na. H t M i n 

_ 0 f 

1. PragrMi/Prai*ct ManMicalwn No. 

DE-FG07-89ID12834 
2 Hrogram/Prolaei Tula 

Inves. Thermal Regime High Cascades. Oregon 

Oregon Dept. of Geology and Mineral Industries 

7/1/90 *>ouBhaZ2azaQ 

g/27/89 
e. CompMUon DM* 

10/15/92 
7 FY 

89-90 
B. Monm* or Quariar* 

Quarters 
• COM B I M U * a. Ooltr* Ei«nMa*d n b. OoHar 

Seal* 

inousanas 
10. CeMChwt 

Fund 
Sourc* 

USDOE 

Oxbow 

p 
A 

P 

A 

P 

A 

P 

A 

Total P 

Total A 

Vaiianca 

^ . - „ 

IM 

"V5 \ 
4" 

9 Q 

?9 

34 
33 

1 

8iM 

2 
^ 

jQ. 
0 

2 
5 

- 3 

3rd 

'1 
5, 
n 
n 

2 
5 

- 3 

4ih 

• 5"3 
.'̂ ^ 

_2J_ 
71 

124 
124 

0 

Cum. 
lo 

OMa 

6^ 
7? 

i n n 
100 

169 
.172 

- 3 

T*t, 
Plan 

uml 

T 

300^ 

200_ 

1̂  
Total PtanoMl Coala tor Program/Proiact 

>i IUU,U UU 

•5^ 
Plannad 

Actual 

Variance 

7-7" 
89 

fg0m 

89 90 
4-6 
90 

^00d 

7-9 
90 

i i 
/ 

/ 
/ f 

l o - i ; 
90 

[ 1 - 3 
^91 

4-6 
91 

7-9 lO-lJ 
91 91 

• • 

1-3 
92 

4-6 
92 

Cumulativ* Accruod C O M * | 

16 
5 

11 

50 
38 
12 

52 
43 

9 

54 
48 

6 

165 
172 

- 3 

11 Maior Mllaaion* SiMu* ( T A S K S ) 

4.1 Si te Selection 

4.2 Permitt ing 

4.3 Phasp I Report 

.4*4. Rlrt .smi r . t ta t ioo 

d . f t n r l l l i n n 

4.6 Data Analysis 

4.7 Core Curation 

4.8 Final Report 

Unit* Plannad 

Unria Cotnplele 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

^sz 
^ " ^ 

-

- • 

12. namarka 

See attachment and Project Status Report Form 

13. SHytafcir* ol R*cipl*nl and DM* 

\ , ^ ^ l i / y t ^ ( ^ L - ^ ^ i ^ ^ - ^ ^ ^ 9 0 
14. Stgnalura ol OOE R*vi*wlno n*pr***nMiv* and OM* 



/ 

wajQ̂ S \MP^j: csf~ 

FINAL REPORT TO THE UNITED STATES DEPARTMENT OF ENERGY 

PHASE I 

INVESTIGATION OF THE THERMAL REGIME OF THE HIGH CASCADES, OREGON 

Report by: George R. Priest and Gerald L. Black 

Oregon Department of Geology and Mineral Industries 

Reference: Grant No. DE-FG07-89ID12834 

Date: July 10, 1989 



INTRODUCTION 

This report summarizes site selection and permitting for a hole 
to be drilled in the Santiam Pass area of Oregon (Figure 1). The 
drill hole is aimed at meas>iring regional heat flow at the volcanic 
axis of the High Cascades. Secondary goals are to explore* the types 
of volcanic rock and structures that occur at depth beneath the 
young volcanic arc. Scientific, logistic, and environmental 
considerations were carefully weighed during the site selection 
process. 

SITE CONSTRAINTS OFFERED BY SCIENTIFIC DATA 

Available Data 
The attached folded map summarizes gravity and geologic data 

from the study area. OUier data was not, in general, very useful 
for site selection owing t p the regional scale of the data sets. 
For example, the study of Connard (1980) shows that the entire study 
area is characterized by a shallower Curie Point isotherm than 
surrounding areas but offers no further detail for site selection. 
Likewise, the study of Stanley (1982) shows that the entire study 
area is characterized by an electrical conductor somewhat shallower 
than surrounding areas, but his station spacings were too wide to 
offer further constraints on drill sites. Regional heat flow 
studies suggest that the entire area has higher heat flow than 
adjacent areas (Blackwell and others, 1982; Black and others, 1983), 
but there is no heat flow data in 90% of the study area (Table 1; 
locations on attached geologic map). 

Analysis of Geologic Data 
The area sits astride the High Cascade Range, an active 

volcanic mountain c^ain in Oregon and northern California. 
Quaternary and Holocene volcanic rocks in the area are chiefly 
basalt and basaltic andesite that form flows and local composite 
cones. The volcanic axis for Quaternary volcanism is approximated 
by the drainage divide, which lies about 2 km east of Hogg Rock (see 
also the attached geologic, topographic, and road maps). Basic 
geologic data summarized below is from''Taylor (1981) unless 
otherwise indicated. 

Volcanism has been more or less continuously active for the 
last 30-35 m.y (Priest, 1989). The volcanic arc subsided at least 1 
km into a graben 5.4-4 m.y. ago ̂ (Smith and others, 1987;"̂ Smith and 
others, 1989) during a period of intense ̂ olcanic activity that 
continues at nearly the same rate today (Priest, 1989). The last 
eruptions were 3800-3000 y. ago, producing the Sand Mountain-Nash 
Crater line of mafic cinder cones on the west flank of the range. 
About 3500 y. ago, basaltic andesite interacted with shallow ground 
water on the east flank of the range, causing a phreatic explosion 
that formed the Blue Lake crater (see geologic map). 

The near contemporaneity of Holocene eruptions on the east and 
west flank is puzzling. If both vent, areas are fed by a single 
complex mafic magma body at depth, why did no eruptions occur at the 
volcanic axis? If there were a lower density, more silicic magma 



body blocking basaltic eruptions, then we should see some evidence 
of this magma at the surface near the volcanic axis. There are in 
fact two glassy andesite vents near the axis (Hogg Rock and unit Qa 
south of Hogg Rock on geologic map), but age of these rocks is 
Pleistocene not Holocene. Perhaps buoyancy and hydraulic factors 
were such that basaltic andesite magma rose up to an elevation equal 
to Blue Lake and the west flank sites but less than the axis. Maybe 
eruptions only occurred where zones of weakness were present. The 
alignment of the Sand Mountain line of vents suggests a buried 
structure. 

It is possible that all of the above factors have played a role 
in controlling the locus of Holocene volcanic activity. 
Nevertheless, it should be pointed out that concentration of silicic 
and andesitic vents near the volcanic axis is typical of most of the 
volcanic arc and suggests a connection between maximum volcanic rate 
and magma composition. It may be that where heat flux from mafic 
intrusions is highest, continental crust becomes partially molten, 
forming mixed magmas of intermediate to silicic composition. The 
proposed measurement of heat flow in the area may help to resolve 
the issue. Presumably heat flow at the axis should be higher than 
flank areas if this model is correct. These interpretations 
strongly favor initial drilling near the drainage divide. 

The hole should also be sited in an area where the maximum 
amount of geologic data may be gathered. A site on layered volcanic 
rock would be better than one on intrusive rock, because the hole 
would intercept lithologies in a layered sequence that could be used 
for correlation. 

Drilling through thick glacial or alluvial deposits would cause 
appreciable increases in the cost of the hole. The hole should 
therefore be drilled rocks actually crop out or are covered by only 
a thin veneer of surficial deposits. 

Most of the area of the drainage divide in the study area meets 
the geologic constraints. With possible the exception of the Hogg 
Rock volcanic center, most of the drainage divide is underlain by 
layered volcanic rocks with only a thin veneer of Holocene cinder 
and ash. i 

Analysis of Gravity Data 
Available gravity data support the hypothesis that the area at 

and adjacent to the drainage divide has been a focû '̂̂ intrusive 
activity. The attached map shows that this area is characterized by 
a gravity high. 'Couch and others (1982) proposed that this high is 
most likely caused by closely spaced intrusions. The gravity data 
may also indicate that fill within the previously mentioned High 
Cascade graben is denser than surrounding rocks by virtue of the 
abundance of mafic lava flows. In any case, the peak of the gravity 
high is very close to the drainage divide, so the data is permissive 
of a magmatic focus at the axis of Quaternary volcanism. Heat flow 
measurements at the drainage divide would therefore likely measure 
the time-averaged heat flow maximum from magmatic intrusion. 



Hydrologic Data 
There is no detailed data on the configuration of the ground 

water table, although the elevation of Blue Lake and Suttle Lake 
(about 3400 ft.) probably approximates the regional ground water 
table on the east side of the volcanic axis. Advective distortion 
of conductive temperature gradients probably occurs when vadose-zone 
aquifers flow rapidly through the volcanic pile. This so called 
"rain curtain" effect can probably be mitigated to some extent by 
drilling Jaelow a several hvuidred feet below the regional ground 
water table. A hole at the drainage divide (4800-5200 ft elevation) 
would therefore need to be at least 2000 ft. deep, and preferably 
3000-4000 ft. deep, to ensure that advective effects are eliminated. 

Conclusions 
Scientific data in the area offer few constraints on the depth 

of the drill hole and location of the site. A heat flow measurement 
in a hole greater than or equal to 2000 ft in depth and drilled at 
any layered bedrock site at the drainage dividê  would test the 
hypothesis that there is a heat flow maximum at the axis of 
volcanism. 

LOGISTICAL CCmSTRAINTS 

Access to the drainage divide is good (see attached USFS road 
map). USFS Road 2690 accesses the west and south sides of the 
divide. USFS Road 900 accesses the north and east side of the 
divide. 

The intersection of USFS road 900 with Highway 20 lies 
essentially at the drainage divide (see attached USFS road map). 
This intersection is also only about 6 miles west of the point that 
Highway 20 crosses Lake Creek, the permitted source of surface water 
for the project (see Exhibit D of attached personal service 
contract). Therefore logistical considerations dictate that a site 
as close as possible to the Road 900-Highway 20 intersection would 
be most efficient. 

GENERAL ENVIRONMENTAL CONSTRAINTS 

Assuming that the general area of the drainage divide is the 
best target for the drill hole, there are only two major 
environmental restrictions that would eliminate sites. The site 
cannot, according to federal regulations, be in designated 
wilderness or in the scenic corridor 300 feet north and south of 
Highway 20 (see attached USFS road map). This leaves open all of 
the "roaded area adjacent to the drainage divide. 



FINAL SITE SELECTION AND PERMITTING 

Scientific considerations argue for a site as close as possible 
to the drainage divide at Santiam Pass. Logistical constraints 
argue for a site as close as possible to the intersection of Highway 
20 and USFS Road 900. A 300-foot scenic corridor restricts access 
north and south of Highway 20, so the best site is the area 300-600 
feet south of Highway 20 on USFS Road 900. 

A field visit to this area with officials of the USFS and USBLM 
on June 1, 1989 revealed that a previously cleared, relatively level 
area exists on the west side of USFS Road 900 about 350 feet south 
of Highway 20 (Site #1 on attached topographic map). Subsequent 
environmental assessment of this site revealed that the proposed 
scientific drilling project would have no impacts that would prevent 
use of this site (see attached federal environmental assessment). 

Federal, State, and county permits for the drilling operation 
at the proposed site anm have received preliminary approval but are • 
currently out for public comment. All permits ̂ hould be finalized 
by July 20, 1989 (Dennis Davis, U.S. Bureau of Land Management, 
1989, personal communication). 

OVERVIEff OF THE PLAN OF OPERATIONS 

The attached draft personal service contract with the drilling 
contractor. Oxbow Geothermal Corporation (OGC) gives details of the 
responsibilities of DOGAMI and OGC, a detailed plan of operations, 
and drill hole design for a proposed 3000 ft. diamond core hole at 
Santiam Pass. Management of the project will be handled by the 
Oregon Department of Geology and Mineral Industries (DOGAMI). OCC 
has already filed a drilling permit with the U.S. Bureau of Land 
Management (USBLM). OGC will, in addition to providing $100,000 
cost share, manage the drilling operation and subcontract for all 
services necessary to drill, plug, Euid abandon the hole. Drilling 
should begin between August 15 and Sepetember 15, 1989 and continue 
for approximately 40-45 days. Plugging and abandonment will be 
complete about one year after drilling begins. 

Coordination of scientific work on the hole began with a 
meeting of all interested participants on June 27, 1989. The 
following tasks were addressed at the meeting and in subsequent 
conversations: 

> Proiect coordination and management. The DOGAMI representative 
will be in charge of the project and will be responsible for 
coordination between scientific and technical support personnel. 

> Public announcements and press releases. DOGAMI will have 
responsibility and authority for this task. 

> Drilling management and engineering. OGC will provide drilling 
experts who will be responsible for day-to-day drilling decisions 
and management; however, authority for decisions affecting 
collection of scientific data from the hole resides with the DOGAMI 
representative. 



> Lithologic logging and scientific decisions. The site geologists 
will be responsible for lithologic logging and for drilling 
decisions affecting acquisition of scientific data. One full-time 
geologist will be available from DOGAMI (funded by the grant). A 
second full-time geologist will be available at no cost to the 
grant. A geologist will be available from the University of Utah 
Research Institute (UURI) for three weeks, and the USGS will provide 
the services of David Sherrod for the balance of the time that the 
UURI geologist will not be available, probably about 3 weeks. The 
hole will be drilled 24 hrs. per day, so the site geologists will be 
on call or present during 12-hour shifts. 

> Petrography. The analytical budget provides for 70 thin 
sections. DOGAMI personnel will examine the mineralogy in 
cooperation with other investigators. 

> Analysis of hydrothermal alteration. USGS and UURI workers have 
offered to analyze hydrothermal alteration mineralogy and isotopic 
composition, including fluid inclusions, at no cost to the grant. 

> Analysis of whole rock manor- and minor-element chemistrv. UURI 
will provide 20 free ICP analyses. The grant can fund up to 35 
additional analyses, if necessary. 

> Analvsis of trace elements and isotopes relevant to igneous 
petrology. There is no support in the grant for this task. Scott 
Hughes of the Montana Bureau of Mines and Geology may provide some 
trace element analyses at no cost to the grant. 

> Isotopic age determination. UURI will provide 2-4 K-Ar ages at 
no charge to the grant. The grant can directly fund up to 4 age 
determinations, if necessary. 

> Geophysical logging and interpretation. David D. Blackwell 
(Southern Methodist University) will provide geophysical logging 
services, including temperature, heat flow, self potential, sonic 
velocity, gamma ray, and caliper logs. He will also provide a 
report interpreting the geophysical data. VSP would be highly 
desirable, but is not supported by the grant. All geophysical logs 
will be filed with Petroleum Information Service, Denver, Colorado. 

> Paleomagnetic measurements. There is no support in the grant for 
this task. 

> Determination of physical properties of core. David Blackwell 
will determine theraal conductivity. UURI will, at no charge to the 
grant, determine density, magnetic susceptibility, and electrical 
resistivity. 

> Core storage. Oregon State University will, at no cost to the 
grant, curate and dispense all core. IX)GAMI will also curate a 
summary core for public use. 



> Downhole water sampling. Carter Hull of the University of Oregon 
has agreed to be present during rotary drilling of the top 500' of 
the hole. He will take a water sample of the first major aquifer 
encountered. The water will by blown out of the hole by the air 
rotary drilling process. Robert Mariner of the USGS will be on call 
for downhole water sampling in the diamond-cored part of the hole, 
should sufficient quantities of thennal water be encountered to 
warrant sampling. He will also provide chemical analysis of water 
samples. The above services will be at no cost to the grant, 
although some travel may be reimbursed to Carter Hull. 

> In situ rock stress determination. There are no plans to do 
hydrofracture tests. Borehole breakout analysis may be analyzed 
from the caliper log, although no one has volunteered to do this as 
yet. 

> Surface geological mapping. Existing map coverage is good. No 
further work is proposed in the grant. 

> Surface geophysical surveys. In 1991 Craig Weaver and Dal 
Stanley plan to do east-west, regional-scale M-T, refraction, and 
reflection transects. No other surveys are planned or supported by 
the grant. 

> Preparation of final report and interpretation. The DOGAMI 
representative will prepare the final report to USDOE. The report 
will summarize water-rock reactions, lithology, geochemistry, and 
age relationships in the drill hole, nearby drill holes, and at the 
surface. An east-west geologic cross section and summary 1:62,500-
scale geologic map will be produced as part of the report. 

> Publication. The final report will be open-filed through DOGAMI. 
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Table 1. - Heat-flow data from the Cascade Kange and adjacent areas in north-central Oregon 

Hole 

I-R-Sec. Longitiide Latitude 

1/4 (* ' ") (* ' ") 

Name Elev. D^th Water Hole Interval Cond. Uncorr. Corr. Flow 

(m) (m) (m) (*C/km) (*C/kin) (IBW/IH2) 

1 13S-6E-17b 122 07 17 Wf 26 30 - 945 

2 13S-7E-09a 121 58 30 44 27 42 DEIRO-FM 1128 

3 13S-7E-32C 121 59 40 44 23 24 EWEB-CL 955 

4 13S-7.5E-23d 121 52 49 44 25 24 

5 13S-8E-27d 121 45 41 44 24 56 

6 13S-10E-05a 121 33 25 44 28 46 FLY CRK 

7 14S-9E-08C 121 40 41 44 22 37 Kiewit 

Pacific 

Cai;>any 

8 14S-10E-07C 121 35 32 44 22 09 - 987 

9 14S-10E-08b 121 34 17 44 22 19 Gill 984 

46 

55 

557 

180 

66 

12 

15 

20-25 

77 

22 

10.2 

3.7 

24.9 

27-46 

-

485-555 

50-205 

0-555 

1.50e 

-

1.50e 

(0.25) 

1.44 

1.40 

51.1 

adv. 

20.8 

(0.27) 

112.0 

25.6 

38.1 

-

37.5 

102.8 

23.9 

57 

-

[56] 

148 
33 

-

~ 
(by Blue L. 

airstrip) 

FLY CRK 

Kiewit 

1453 

1070 

1195 

1030 

121 

46 

105 

120 

-

5.8 

73 

89 

3.2 

5.2 

7.3 

5.7 

8.8 

8.2 

ISO. 
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