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Rragsunro. — Con riferimento ad un precedente lavore (3) con il
guale sono stale dedolle le veloeitd 41 scorrimento dei blocehi America—
Auwrasia ed America—TPacifico, scconde la  ricostruzione & e Pichon,
utilizzando la lunga serie (70 anni) di esservaziom di latitudine delle Stazioni
del 811, gli autori prendono in esame il problema dell’efictio che la indeter-
minazioene sulla conoscenza delle coordinale dei poli di rotazione dei blocehi,
determina sul calcolo della velocita di seorrimento.

Facendo ricorse ad un procedimento di olfimizzazione del dati venzonoe
determinate poi le veloeiti di scorrimento e le eoordinate del polo di rota-
zioue <lei blocehi Ameriea-Kurasia, T risultati si aceordanoe eon quelli in
precedenza detcrminati (8) ¢ risultano nello slesso ordine i gramdezza di
quelli dedottl da rilevamenti geologiel ¢ geofisicl.

SUMMARY, —- Tlhe vesults oblained Dby the authors in a foregoing
paper (8), providing completely independent evidenee on the plate tectonies
hypothesis, arve discussed.  [How eritical is the choice of the rotational
pole position of the plates is cavefully analysed.

The location of the centre of rotation and the rate of rotation of
Ameriea-Eurasia plate has been suecessively obtained hy the last-square
Gt method.  These resulls are in good agrecment with geophysical and geolo-
gical measurements and confirm the possibility of using astronomical data
in the study of plate tectonies.

INTRODUCTION

Using Le Piclion’s (3} reconstruction, the A. A, (8) computed the
rotation rate of the Eurasian—American and Pacific-American

{*) International Latitude Station, Cagliari.
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plates from astronomieal latitudes observed in the five international
astronomical stations of Mizusawa {Japan), Kitah (USSR}, Carloforte
(Eftaly), Guithersburg und Ukiah (USA) situated on the - 3908
parallel. The datn analysed cover a period of 70 yeurs, TFrom this
analysis it results that in general, disregarding loenl distorsions
which undoubtedly occur, the Kitab and Cuorloforte stations can be
considered as lying on the Ewrasian plate. Mizusawa also lies on this
plate, although close to the boundary. The fourtl: and fifth stations,
Gaithersbuwrg and Ukiah, must be on different plates, Gaithersbhwrg
lies near the center of the American plate and Ukinh must be con-
sidered as moving with the REast Pacific plate. This plate is almost
entirely consumed by the American plate and only a small part remaing,
wlhose motion is essenfially north-west,

To determine the value of the rotation rate sy of diflerent plates
(k) by the secular variations of the latitude b; of the station () as
well as the secular motion of the Eartly's pole (#), condition equations
of the type

by = u cos (Ay — v} — i cos @y sin (Ly — Ay} 1]

were used, in which the first term of the second member represents
the eflect ol secular polar motion on observed Iatitude variations,
while the second term represents the effect of the rotation of the
station (j) of longitude 4; around the rotation pole (&) of coordinates
Lp and @y

The resulting absolute rates of the different plates, averaged on
the basis of varions cases treated (5) are found to be

—0.0027 fycar  (Eurasian plate)
40”.0002

+0”.0010/year  (American plate)
+0".0002

+0".0018fyear (NI Pacific plate)
40,0002

These results are in excellent agreement with the plate tectonics
theory and show that long-term variations in the motion of the sta-
tions can Dbe found by careful analysis of very long series of astro-
nomical data,
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INTERNAL AND EXTERNAL ERRORS BY DETERMINING POLE AND AN-
GULAR RATES

The polar coordinates @ andl Le, which are obtained by deter-
mining the relative motions of different plates, are generally affected
by observation errors which have repercussions on the determination
ol the absolute rates calenlated by means of velation [1],

The polar coordinates of different plates are usually established
divectly from spreading rates and [ractwre zone azimuths (azimuths
of the transform [aults). Tn particular, the posifions of the center of
roftation adopted by Le Pichon (3} are obtained from tlie azimuths
of the fracture mones. The standard deviations of measwred [rom
computed azimuths given hy Le Pichon {2) are 5.7 [or the American—
Pucific pole and --9°1 for the American—Eurasian pole. These
gquantities only indirectly give an idea of the impreecision with which
rotation pole coordinates ave determined. Beecause of the procedure
of culeulating the coordinates of the pole used by Le Pichon {2), the
aceuracy of these coordinates cun be compubied only ‘‘a posteriori’.

From the sphevical frianngie (Fig. 1) having as vertices the geo-
graphical north pole P, the rotation pole Py of the plate (&) on which

A . |
Fig. 1. — Spherieal triangle P, Px A, The peints P. and Pr correspond
o the north geographical pole and the rotation pele of the plate.
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the point 4y, at which the azimuths «; of the fracture zone were taken,
lies, and the point A4; itself, we can write the following spherieal re-
Iations:

sin @ - 8in @: cos d; + co8 g 8in 4, 8in a;
co8 Dy cos (L — 2;) = cos @ sin d; — 8in @i cos d; sin o

cos @y sin (Ly — A) = sin di cos a;

in which d¢ is the angular distance Prdy, while @ and A are the
geographie coordinates of point A4,

Irom these, we can easily obtain
tag @y — cos (Ly — 2,) = sec @i sin (Ly — 4;) tag a;

from whieh, in developing and neglecting the second order term, we
liave

cos g cosec (L — 2:) (1 4 tag? @) AP
{cos @i — cot (L — i) taga: } AL = (1 + tag? «:) des (2]

By means of this relation it is possible to caleulate the theoretical
values of the uncertainties A® and AL of the coordinates of the ro-
tation center P corresponding o the absoluted value of the standard
deviations Ada; = 9.1 of fracture zone azimuths.

Utilizing the coordinates and azimuths of fracture zones 4; given
by Le Pichon (%) referring to the center of rotation of the American —
Eurasian plate and supposing A® = AL, we obtain, by formula [2],
A = [AL] ~ 200,

These vulues, which agree with the sizes of the ellipse of error
computed by Le Pichon (?), represent the amount of acenracy to be
expected in the determination of the rotation center coordinates of
the Ameriecan-Eurazsian plate from fracture zone azimuths,

It is interesting to note that the vulues thus determined of the
indeterminations of rotation pole eoordinates are also in agrecement
with the valnes of the cxternal precisions determined on the hasis
of center of rotation coordinates computed by different authors,

In the fixst four lines of Tuble 1, the values of the rotation pole
coordinates and the relative rate of rotation of the American-Eurasian
plate determined by different authors are given.
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The standard deviations of the coordinates observed from the
average given in Table 1 are:

Gy = + 110
oy, = 4 19e
Table 1 — Rerarivi VECTOR OF AMERICA-FEURASIAN PLATE ROTATION
i) I 10-7 degfyr Authors
TRaN 12T 2.8 Lc¢ Pichon (%)
630N 1379F, Le Dichon (%)
G N 1359E, 2.1 Morgan {3)
48N | 1550F 2.4 Chase (1)
RaoN , 570w | Proverbio & Quesada (%)
|
|

F¥rom relation [1], negleeting the effeet of secular polar motion #
on secular latitude variations, for the angular rate of the stations
Iying on the American—HKurasian plate we find

_ 3 a] (i1 9 o
- g s

i =
(a5 a4]

where
a4y = co8 Dy sin (L — 4y)

and § = 1,2,3,4 refers to the lour stations of Miznsawa, Kitab, Carlo-
forte and Gaithersburg. From the foregoing we immediately find

[a2]? Ay = A [a2] + B [a; 5] (31

where the coefficients 4 and B are

A = [y sin Pz sin (Fp — A)] ADr — [c08 Dy 08 ( Ly — A} AL
B = [sin 2 @ sin =(Lr — A)] AP — |80 2 (Lr — Ay} cos? Di] ALy

Ttilizing the values for secular variations by (6} and considering
the rotation center coordinates (2 we find

Ao = — 0,30 ADy + 0,42 ALy (10-% gec of are/yr).
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Although the reliability of this seolntion is rapther searse (sinee
the computed weight of the quantity Ade is only 0.006) in any case
we have, keeping in mind the maximum uncertainties in calenlating
the coordinates @ and Ly (order of 10°), an uncertainty in the com-
puted angular rate of the same magnitude of the angular rate by
the A. A, (%) determined.

As the choice of pole position in rotation ealeculation by menns
of the equation [1] seems to be rather ecritical, we considered it op-
portune to reconsider the whole problem by turning to a diflerent
eriterion of data processing.

DETERMINATION O ROTATION CENTER AND RATE FROM ASTRONOMICAL
LATITUDES

The location of the center of rotation and the rate of rotation
of the American-Enrasian plate was determined by the least-square
fit method, similar to the one used by Le Pichon for the determination
of rotation parameters of rigid blocks.

The numerieal method of fitting minimizes the sum of the squares
or the standard deviations of the residuals

AQ’/: = (bobs = bcal)! (T: = 1,2,3,4)

between the observed values of secular latitude variations andd those
ulenlated by the expression [1],  To culeulate this expression, the
fixed parameters n = 0".0030 and » = 69°.6, determined by the AL A, (9)
with sufficient accuracy, which characterize the secular motion of
the Barth pole, were introduced.

The values of ben were therefore calemluted by means of [1] as
a fnnetion of the parameter we, changing the coordinates @ and Ly
by steps of five degrees over the ronge

0 <P, 850
0 < L, < 3550
The values of the standard deviantion

Temn ((f)k, {Dm, Ln) == [A(‘D:] Ve (T: - 1,2,3,4) [4]

mn

are plotted in different diagrams. As an example, in Fig. 2 we represent
the valies of oe,m,n, corresponding to we = + 0.0012, with the plus
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Fig. 2. — Representation of the values of the standurd deviation @y m,a corresponding to wy = 4+ 0/°.0012, with
the positive sign reforring to motion ol the Aneriean plate and negative sign to motion of the Llurasian plate.
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gign relerring fo motion of the American block {Gaithersburg station)
and the minus gigh to motion of the Eurasian bloek (BMizusawa, Kitub,
Carloforte stations). For each w. value we thus obtain a curve re-
presenting an absolute minimum of the gtandard deviation in cor-
respondence to a determined pair of @, L, values.

On the other hund, in Fig. 3 we find the curves of the absolute
minima of the standard deviation e 28 a function of latitude I,
corresponding fo the values of wx and @, given in Table 2.

Tahlc 2
i + e I

B L ool ‘ Dy

(1) + 12 ‘ 4 750
12

(2) 114 | 4 80e
14

(3) + 16 4 Boo
16

(4) Sk + 80e
20 |

(5) + 15 | 4 83
35 |

(6) + 12 i 4+ 850
50 |

(7) e 18 [ 4 s
=

Analogous eurves are given in Fig. 4. The latfer were calculated
keeping the parameter @, = 320 constunt and varying the values
of wg, a8 appears [rom Table 3.

Table 3

|
e
bos (00
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Tig. 3. - Diagram of the curves of the absolute minima of the standard deviation o, , #s a fnction of
latitude L. corresponding to the values of wy and @, given in Table 2.
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Fig. 4. — Diagram of the ecurves of standard deviation caleulated by keeping
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30

40 50

from Table 3.

60

70

80

90



YELOCITY ANT} DIRECTION OF PLATE DISPLACEMENTE ETC. 209

From the average of the values @n» and L, obtained by mini-
mizing the standard deviations in the various cases, the following
vulues for the rotation center coordinates of the American-Eurasian
plate were obtained:

&, = 820N
Ly — 37°W

The averaged value of the rotution center coordinates obtained
Iyy Le Pichon and other amthors by utilizing spreading rates and
azimuth of the transform fanlts given in Table 1 ig, on the other lawud,
D = 62°N, I = 132°E.

Comparison of the wvalues of these latter coordiuntes to those
we caleulated shows that the ftwo rofation centers are situated ap-
proximately on the same meridian but on opposite sides with respect
to the Earth rotation pole.

The values we found for the coordinates @y and Ly are, in any
case, included within the ellipse of error given by Le Pichon (?). This
rather comforting result once again demonstrates the possibilities of
astronomical data in studies on the secular motion of the Earth’s crusl.

In Fig. d we find represented in a diagram the values of the stan-
dard deviations gr corresponding to the wvalues @, = 820N uand
Lp = 57°W and caleulated by keeping fixed the value of angular
velocity @i = + 07,0012 of the American plate and changing the
value o (having o minus sign) of the angular veloeity of the stations
of the Eunragian plate.

From the curve interpolated from Fig. & it is seen that the most
probable value for angular veloeity of the Eurasian plate seems to be

et = — 0700295 fyear.

Buccessively using this value and varying the valne of wel?),
the minimum valnes of standard deviations relative to the wvarious
values of en® introduced were determined.

Tn Fig, 6 the trend of the values ol wi® ure represented.
The curve presents u minimum in correspondence to the value
w2 = + 0/,00125. This value ean be congidered as being the most
probable for the rotation speed of the U.8. American plate.

Tt is most interesting to observe that tlie most probable values
of the angular velocities
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mih = — (7.00295 (Burasian plate)
wp = - 0700125 (Ameriean plate)

are in excellent agreement with those obtained by an entirvely independ-
ent. way (%) and reported in the introduetion of this paper.
The optimization method used in this paper is efficacious in the

Liypothesis that the number of residuals Ag, is greater than 1.

has allowed tlie determination, as

This
we have seen, of the most prob-
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Fig. 5. = Diagram of the values of the
standard deviation eorresponding to
the values @, = 82oN and L = 5701V
and ealenlated by keeping fixed the
value of angular velocity of the
American plate and ehanging the
valuc of the Eurasian plate,

5 100 16 20 25
Fig. 6. — Reprcsentation of the trend
of the values of wi(?). The cwrve
presents a minimum in corrispondence
to the value wg(®) =- + 0''.00135.




YELOCITY AND DIRECTION 01 PLATE DISPLACEMENTS ETC. 301

able values of rotution center coordinates and of angular velocities
wip relative to the two American and Eurasian blocks.

In the case of the NE Pacific plate, we have only one value of
the quantities Ag:, corresponiing to the Ukiah station (U.8.A.). In
this cirenmstance it is thus completely impossible fo obtain minima
for the standard errors ¢. However, it is possible even in this case
to earry out an analysis of purely qualitative interest by deterinining
the runge of variability of the parameters @, L and @ which annul
the residuals:

Atp = (Dops— Bear) = 0 (5]

In Tg. %, in bold-faced type, the areas of variability of the para-
meters @, L and o are represented, for which the previous condition

0 40 80 129 0 30 60 90,
10 A 10} @
14} 14 \\
18} 18 l
22 22
1

w w

v \ v

Fig. 7. — Representatiou of the areas of variability the parameters &,
T plate, and w corresponding to the motion of the America-1*acifie.

is actually verified. We consider it most significant that also in this
case the values of the rotation center coordinates of the American—
Pacific plate detennined by Le Pichon (2): @ = 53°N, L = 47°W,
clearly indieated in the same Fig. 7, full within the areas of variability
whieli, in a sense, represent the optimal areas of the valnes of the
parameters @ and T.
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CONCLUSIONS

To vconclude:

a) using a procedure completely independent ol the one used
by A. A. {5), the most probable values of the coordinates and velocity
of rotation of the American—Furasion plate were determined;

by these valnes are in full agreement with those previously
iletermined by A. A. (8) and are on the same order as those caleulated
with geophysical and geological measurements;

¢) this conflirms the possibility of using astronemiecal (latitude
and longitude) observation data in the study of the secular motion
of the Earth’s erust.
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