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INTRODUCTION

This report consists chiefly of 41 tables that both describe and fully 
document the reconstructions of a series of alternately developed heights 
based on level ings leading into two representative bench marks in the 
southwestern United States. One of these marks, 3219, Vincent, California 
(fig. 1), lies within the area of the Pacific-North American plate boundary; 
the other, 22Q, Bill Williams River, Arizona (fig. 1), falls within what is 
believed to be a singularly stable section of southwestern Arizona. Because 
the level ings that produced these heights were characterized by especially 
disparate routes with respect to both terrain and climate, the resulting 
heights provide a test for the existence and magnitude of path-dependent error 
in geodetic leveling. These two marks were chosen both because of their 
relative stability with respect to adjacent marks and because their tectonic 
stability (or instability) can be inferred from the geologic record. 
Specifically, we can reasonably speculate that 3219 may have sustained 
measurably significant tectonic displacements during the 20th century, whereas 
22Q probably has remained virtually invariant with respect to any fixed datum 
during the same period.

Bench mark 3219 is a standard Geological Survey iron post stamped "3219" 
near the Southern Pacific Railroad station at Vincent (U.S. Geological Survey, 
1898, p. 392); 22Q is a brass cap stamped "22Q (MWD)" set in a concrete post 
located in a gully immediately north of the Bill Williams River, Arizona 
(USC&GS Quad. 34114). 3219 was established by the Geological Survey no later 
than 1897 (Gannett and Baldwin, 1907, p. 365); 22Q was established by the 
Metropolitan Water District of southern California in advance of the 1931 
control surveys along the projected route of the Colorado River Aqueduct.

REFERENCE MARK

All of the heights referred to in this report are reconstructed with 
respect to the record height of 3.3921 m for bench mark Tidal 8, San Pedro 
(fig. 1); it is this value which has been added to the sum of observed 
elevation differences in each table.

Tidal 8 is one of several tidal bench marks adjacent to the primary San 
Pedro tide station; the history of this station with respect to other 
California tide stations indicates that Tidal 8 has been characterized by 
relatively positive movement with respect to mean sea-level (Hicks and Crosby, 
1974). Accordingly, successively determined heights for any bench mark with 
respect to the record height of Tidal 8 are biased slightly toward apparent 
subsidence. Because there is no record of Tidal 8 having existed prior to 
1926, earlier heights cannot be referred directly to this mark, but rather are 
based on extrapolated values from various nearby bench marks and a tie to a 
local sea-level datum. Detailed procedures used in reconstructions of 
pre-1926 heights are set forth in the footnotes accompanying Tables 1, 4, 
and 38.

THE RECONSTRUCTIONS

Unless otherwise specified, all of the reconstructed heights referred to 
in this report are based exclusively on the results of first-order levelings. 
All of the pre-1978 observed elevation differences attributed to the National 
Geodetic Survey have been drawn from the archival data of the National 
Geodetic Survey; none have been taken from the machine-readable data base for
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California (National Geodetic Survey, 1978), since these data are known to 
have been contaminated owing to the use of improperly computed values for the 
rod excess (Mark and others, 1981, p. 2788-2790). The orthometric corrections 
required to convert the observed elevation differences into true height 
differences independent of survey path are in all cases based on observed or 
interpolated gravity values rather than theoretical or normal gravity. Nearly 
all of these orthometric corrections, moreover, are machine integrated results 
computed from the gravity values given in the machine-readable data base for 
California (National Geodetic Survey, 1978). Locally in southern California 
and throughout Arizona we have reverted to the use of a manual technique for 
the computation of the orthometric correction. This technique, which depends 
in turn on Bouguer gravity values, was developed by Petr Vanicek (Castle and 
others, 1984).

We have designated the survey route San Pedro-Los Angeles-Burbank-Saugus- 
Vincent (fig. 1) as the direct or primary route leading into 3219. All other 
routes into this mark are identified as alternative routes and have in common 
only that they bypass either of the two direct routes between Saugus and 
Vincent (fig. 1). The exclusion of this particular segment from any of the 
alternative routes is based on the assertion that the southern of these two 
routes in particular is especially susceptible to the accumulation of the 
explicitly path-dependent unequal-refraction error (Holdahl, 1982, p. 9374). 
Because we have been able to reconstruct only four sequential heights for 22Q, 
none of the routes leading into this mark has been designated as the direct or 
primary route, even though the two most recently determined heights are based 
on levelings over nearly coincident lines.

The tables comprising the bulk of this report are so organized that the 
reader can immediately identify the data source (by NGS line number, unless 
otherwise indicated), inclusive dates of leveling between marks, the junction 
bench marks used in the reconstruction, the observed elevation difference 
between junction bench marks, and the corresponding orthometric correction. 
Both the conventionally corrected observed elevation differences and the 
associated orthometric corrections are separately summed for each 
determination; the algebraic sum of these sums is the orthometric height for 
the indicated mark for the indicated period. Where the reconstruction of any 
of these heights has required the acceptance of certain assumptions or various 
unconventional corrections, this is explicitly indicated in the accompanying 
footnotes.
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