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INTRODUCTION

It looks like I have been appointed to begin the process of now shifting the focus of this meeting from discussion of individual Dixie Valley  research projects to what might all of this relatively new knowledge might imply for the discovery and development of future geothermal resources in the Basin and Range province.  Frankly I am not at all certain on how to best do this.  However, I think that the first step is to open up our blinders a bit and take a quick look at some of the other Basin and Range operating geothermal projects for which there is some amount of public information available.  Some of these other fields must have some characteristics not found at Dixie Valley which might be important in developing a model for future geothermal exploration in the Basin and Range Province.  

The other fields I will discuss include Beowawe, Bradys, Roosevelt, Steamboat, Soda Lake, and  Desert Peak.  Due to time limitations and a shortage of publicly available information, fields such as Empire, Cove Fort, Fish Lake Valley, Wendell, Wabuska, Stillwater, and Rye Patch are not included.  The Coso and Casa Diablo fields are not included because there is absolutely no chance that near clones of those fields are hiding in the northern part of the Basin and Range province.

The Dixie Valley geothermal field is unique but then every geothermal field has some unique combination of  the many geological and hydrological characteristics that define a geothermal field, especially if  its evolution over time is considered.  Similarly all geothermal fields have common characteristics, even if at its simplest it is just hot water flowing through cracks in rocks.  Somewhere in between these two extremes anybody involved in exploration needs to selectively pick from a wide range of individual criteria those that are most important in developing a viable exploration model.

DIXIE VALLEY

The following briefly summarizes what I think is important about Dixie Valley from an exploration viewpoint.  It is clearly a relatively old or long lived combination of systems that has had time to leave abundant clues on the surface as to its presence in the form of hydrothermal alteration, siliceous sinter deposits, and active (even if very weak) fumaroles.  Evidence of this activity is spread over a length of at least 5 miles along an obviously tectonically active range-front fault in the vicinity of the production area.  In the past the geothermal system was clearly much more active at the surface.  In its pre- production state the resource was almost a static system with very little throughput of hot water.  The minimal flow of hot water did not create an areally extensive or particularly intense shallow thermal anomaly.  There is a very effective seal separating the produced geothermal system at Dixie from the shallower hydrologic system.  Consequently no significant shallow production was ever encountered at Dixie Valley.  No hot water could reach the surface as the system was substantially under pressured with static fluid levels in the wells being about 500 feet below the surface.  At depth the field appears to be more extensive than might be inferred by the distribution of surface manifestations.  Taken independently, some of these features could be interpreted optimistically to indicate there could be abundant geothermal resources along other range-front faults.  If all these features are required for a geothermal field to be present then few new prospect areas will meet these criteria.

BEOWAWE

Beowawe appears to be the closest living relative to Dixie Valley with respect to structural setting.  It is located along a less tectonically active normal fault than Dixie Valley with much less structural offset.  I believe that this fault is not exposed at the surface but is covered by a forced fold that resembles a monocline.  Prior to exploitation Beowawe was the second most active geyser basin in North America.  Beowawe is somewhat unique in that the produced part of the resource is located a mile away from the sinter terrace in an area with no obvious indications of hydrothermal activity.  The thermal water apparently rose obliquely along this fault.  

The Beowawe resource however is much different from the Dixie Valley resource in that there is no separation between the geothermal system and the shallow hydrological system.  The Beowawe resource at shallow depths has been visualized as a tongue of hot water rising up through a fairly large cold water resource.  At Beowawe the geothermal resource could be produced at fairly shallow depths beneath the sinter terrace.

One of the great unpublished stories of geothermal exploration in the Basin and Range province is how Chevron managed to locate the Ginn 1 discovery well at Beowawe.   Even more amazing is that the Ginn 1 well was Chevrons first well in the area.  More successes (i.e. true wildcat locations) like this are needed if many more megawatts are to be found in the Basin and Range province. 

BRADYS

The production at Bradys is associated with a structure dipping 50 to 60 degrees, almost exactly the same as the single fault model of Dixie Valley.  The fault at Bradys has been postulated to be a normal fault, even though there is no appreciable surface offset across the fault.  It has also been postulated to be a strike slip fault, which is more satisfying in explaining the lack of surface topography.  There is almost continuous evidence of recent hydrothermal activity along the surface trace of the Bradys fault but in its pre exploitation state there was very little fluid moving through this system.

ROOSEVELT

Roosevelt offers a couple of interesting twists on the normal fault model.  First, the most productive fault at Roosevelt is an antithetic fault in that it dips towards the range, rather than away from the uplifted block in the previous 3 cases.  The area was heavily geophysicsed prior to drilling the first exploration wells.  All of the geophysics, including much temperature gradient work, either was not or could not be properly interpreted to give the direction of dip of the fault.  In hindsight, the temperature gradient work  does indicate the fault dip but it would be an interesting study to see if any of the other geophysics would agree with the temperature data.

The second somewhat unique aspect of Roosevelt is that the structural intersection of the Opal Mound and Negro Mag faults appears to be playing an important role in localizing the upflow of the geothermal fluid near the power plant.  In the three previously described areas no significant cross faulting role has been identified.

STEAMBOAT

Topographically this is a unique geothermal area with the hottest wells located on the top of  the Steamboat Hills.  The area had very obvious high-temperature geothermal potential with a large shallow thermal anomaly extending north from the Steamboat Hills.  However, the deeper temperature data indicate that the primary structural feature is a narrow northeasterly trending zone, possibly a single fault or a narrow fault zone.  This structure seems to have little or no surface expression and is clearly not a conventional range-front fault.  This structure has not yet been described in the literature.

At shallow depths beneath the terrace the bedrock is extensively fractured over a significant volume.  This is unique for Nevada in that it has allowed injection to successfully occur in surprisingly close proximity to production for the past 10 years.

SODA LAKE

This is another somewhat unique Basin and Range field in that it is located near the center of  a major valley.  Once again the controlling structure is a linear trend extending from the Soda Lake phreatic explosion craters to the Quaternary Upsal Hogback basaltic eruptive centers.  The most intense part of the Soda Lake thermal anomaly lies along this trend.  The only surface expression of an active geothermal system at Soda Lake was a very weak fumarole and small exposed area of hydrothermal alteration.  The area is nearly 100% covered by small sand dunes.  While the Soda Lake thermal anomaly is centered on the previously mentioned linear trend its overall shape is almost round indicating that other factors or structures play an important hydrologic role.  Unfortunately almost nothing has been published on the subsurface aspects of the Soda Lake geothermal field.  It has proven a frustrating area to develop with an abnormally high percentage of dry holes and redrills.

DESERT PEAK

This is a truly blind geothermal system in that there is no surface indication of an active or recently active geothermal system in the area.  If geothermal production is to expand significantly in the Basin and Range province we it will certainly help if there are a number of other blind systems waiting to be discovered.  

An exceptionally large and complicated shallow thermal anomaly allowed the discovery of this field.  The complex thermal anomaly is indicative of the fairly complex structural and hydrological environment in this area.  There is a considerable amount of laterally flowing hot water at shallow depth which somehow manages never to crop out at the surface.  Detailed surface mapping of the area has failed to identify the precise locations of any faults in the vicinity of the production or injection wells.  Instead, the faults all seem to be covered by forced folds which appear to define a sawtooth-shaped uplift.  Individual segments of this overall uplift probably define the reservoir.  Unfortunately no new geological work has been performed on this field for almost 2 decades.

DISCUSSION

Dixie Valley has received the lion’s share of the research dollars and associated publicity of the Basin and Range projects in the past decade for a variety of reasons.  This scrutiny, along with the apparently obvious and deceptively simple appearing structure, has led to the logical conclusion that Dixie Valley might be the closest example of an idealized geothermal field located along an active normal fault in an area of high background heat flow.  However, the previous discussion points out that there is considerable variation on the theme of  hydrothermal convection in Basin and Range faults.  The faults can have unexpected dips, they don’t have to be at the edge or base of a mountain range, they can be in unexpected locations, they can be difficult to identify or locate, and perhaps there is even a possibility that cross faulting can have an impact on controlling the location of permeability.  

This variability and complexity can be viewed as a problem, which it is when someone has to explain why a deep well will not produce or accept injectate.  It can also be viewed as a plus because it leaves lots of room for imaginative thinking.

