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DATA ANNOUNCEMENT 00043 82-TGB-16

GEOTHERMAL GRADIENT DATA AND MAP

FOR THE UNITED STATES

The National Geophysical Data Center (NGDC) has produced a new multicolor

Geothermal Gradient Map of the United States , ( exclusive of Alaska and Hawaii ).

This map, a joint publication of NGDC and Los Alamos National Laboratory (LANL),

replaces the 1980 versi 6n of the map published by LANL. The new map presents a

compilation of over 1,700. wells that have been measured for temperature at

depths greater than 50 m. Temperatu re/depth profi les are linear, or composed of

linear segments which reflect changes in the thermal conductivity of the rocks,

rather than hydrology. The data are displayed on two sheets (Eastern and

Western U.S.) at a scale of 1:2,500,000 in a format which shows the location,

depth, and gradient of each well in a single color-coded symbol ( see Figure 1 ).

Each well is numbered and keyed to a table showing latitude, longitude, well

depth, gradient, heat flow (where available ), thermal conductivity (where

available ), and a reference ( see Figure 1 ). Over 200 references have been con-

sulted and are presented with the data.

In areas where wells are clustered, an average gradient for the area was deter-

mined. If th8 gradients in an area are similar for similar depth intervals, the

gradients from several boreholes were averaged. In areas where gradients di ffer

greatly, an average was calculated from a representative sampling of the various

anomalous gradients. The location listed in the table is a center, poi nt for all

the boreholes averaged in a region; the depth represents the deepest well. If a

well is significantly deeper than nearby wells, the gradient for the , deepest

well was chosen.

The quest for geothermal energy during ,the 1970's and 1980's promoted extensi ve

temperature surveys across ,the United States. Meaisuring temperatures in wells'

has always been the preliminary exploration tool in .searching for-both hydro-

thermal and hot dry rock geothermal systems. In 1976the American Association

of-Petroleum Geologists and the U.S. Geological Survey (USGS) published a

geothermal gradient map of North America using predominantly bottom-hole tem-

peratures from oil and gas wells. The gradients were calculated using the

average annual surface temperature as one point and a corrected temperature at

the greatest depth as the second point.

The new map presents gradients from Wells that were logged specifically for tem-

perature; that is, the temperature,,was measu red at regular depth intervals in a

well that had attai ned thermal equi:Jibrium, and the slope was calculated for the

least-squares line passing through',a plot of the data points. This temperature

log brovided information that 'enabled an interpretation of the conductive vs.

convecti ve component of heat transfer in ihe underlying rocks.
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CHOOSING, CALCULATING, AND AVERAGING GRADIENTS

The purpose of this map is to present gradients from wells that are in thermal

equilibrium and appear to reflect a conductive regime. Only the linearity of the

temperature/depth profile is used to determi ne if the gradient reflects a domi -

nantly conductive regime. Other information concerning the hydrologic nature of

the system· is not considered. This method presents a consistent approach to

evaluating data of highly variable quality, which can also be very inconsistent

over small distances due to local changes in hydrology and geology. Where

temperature/depth profiles are not available, a quality rating by the- ori ginal

author is consi dered. It is important to emphasize that gradients shown on this

map reflect only the local conditions within a well and cannot be assumed to

represent a regional value or to extend below the depth of actual measurement.

The following list specifies criteria used for selecting gradients for the map:

1. Wells rrust be deeper than 50 m.

2. Temperature/depth profiles should reflect minimum hydrologic

disturbances ( i.e., they should approximate a straight line, or

consist of straight-line segments that reflect changes in the

thermal conductivity of the rocks ).

3. Gradients must be positive below the temperature inversion due to

seasonal effects.

4. Only gradients given a high-quality rating by authors are used

( generally, a least-squares line with a correlation coefficient of

10%).

Once a gradient met the above criteria, the following methods were used to cal-

culate a'representative measurement for the well:

1. -Gradi ents were calculated from measurements taken beneath the tem-

perature inversion caused by changes in seasons.

2. A least-squares fit was calculated for straight-line segments of a

temperature vs. depth plot and a weighted average was determined

from these segments.

3.· In some cases, a straight line was visually drawn to approximate a

least-squares fit, and the slope of the line ( or straight-line

segments ) was calculated.

4..In Louisiana abundant deep, bottom-hole temperature (BHT) data

are available from oil and gas wells. When BHT is plotted against

depth for many wells in a regi on, a least-squares line through the

data points approximates the average temperature gradient in that

region. The location of such a measurement on the map is the

approximate center point of the group 6f wells considered.



Figure 1. Sample portion of Geothermal Gradient Map. Each well is represented
by a symbol which reflects the depth of the deepest temperature
measurement, and by a color which represents a gradient interval.
The numbers are keyed to a table ( see sample at bottom of figure )
showing latitude, longitude, well depth, gradient, heat flow, thermal
conductivity, and a ref rence.
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HOW TO ORDER

The cost of the map is $10 folded or $12 flat per set (Eastern and Western U.S.).

Digital data used in making the map are also available in the same format as the

list shown on the map. Output may be obtained on magnetic tape for $200.

Please make check or money order payable to COMMERCE/NOAA/NGDC. Orders may also

be charged to an American Express card by·including card account number, expi ra-

tion date, and signature. All inquiries should be directed to:

National Geophysical Data Center

NOAA, Code E/GC 1

325 Broadway
Boulder, CO 80303

Telephone: (303) 497-6125
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