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Overview of Space Geodetic Positioning Methods

Very Long Baseline Interferometry (VLBI)
Range-Difference (1 cm precision) : |
A rij(t) =A Tij t)-c
= { LAy “By =Dyt 8y

=-PNSWbgees;

Satellite Laser Ranging (SLR)

Two-Way Range (1 cm precision) :

2er()=1(t)-C

n

[le® -1l

i

|sW;-P N 8 W r(Ogz!

Global Positioning System (GPS)

Biased One-Way Range :

r()ena= () A = T(B)-c+n-4

]

18 -£®] | +n-2

n

ls®;- P NS W r(tyge| +2-1

Double-range-differences (1-2 mm precision) : AZr(t) =A2T () -¢
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Block Il

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane
20,200 km Altitudes, 5SS Degree Inclination

Block IIR 5



Figure 1. The GPS monitor stations and ground antennas, located worldwide, are
the ears and eyes into the constellation. The inset photo is of Diego Garcia. Photo
courtesy of the U.S. Air Force.
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Global Continuous GPS Tracking Stations - IGS

GPS TRACKING NETWORK
international GPS Service
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Key Terminology

e (Geomorphic) Erosion rate ( &4 :# & ):mechanical
(landslide) and chemical weatherlng and removal of debris

e Denudation rate (#] 4% Z): erosion+ tectonic denudation
(extension and normal faultmg) rate

o Uplift rate (4~ 8 i & ): surface uplift = rock uplift-
exhumation

e Exhumation rate (% & i# & ):similar to erosion but refer
to preexisting surface, landscape or feature

RIVCI III\.IDIUII IGLC /a /H T PJJ 1? -—-'- >

e Steady-state topography (Tw Pk iy 3+ 25), denudation
(exhumation) rate, therma

Reference:
Tectonic Geomorphology, Burbank and Anderson, 2012, Ch. 7. Blackwell Pub.



Key Concept

Rate of denudation and surface uplift is
functions of both time and space (local such
as drainage basin or regional ~ 1000 km?)

Regional parameters: Isostatical loading and
unloading

Local: geomorphic events such landslide, rapid

II’\I‘I(‘II\V\ V'I\lf\V‘

IHiciolivil 11vcTi

Rate varies at any given point, such as summit
or river valley



Rates of Erosion and Uplift

Determining rates of erosion.
;’L—ﬁ i zﬁ‘ =5 )
2. Determlnlng rates of uplift.
(FEFBk 5 )
3. Calculatmg mass balances and material fluxes.
By Eedifes £ 71E)
4, Reconstructmg the past geometry of tectonically active landscape.
(£ 3722482 & THd 26 a3 i)

N
S

_WLLL

5= : Tectonic Geomorphology, Burbank and Anderson, 2001, Ch. 7. Blackwell Pub.
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(surface uplift= bedrock uplift + deposition
—compaction-erosion)

FIGURE 7.1. Schematic of factors controlling position of the land surface: bedrock uplift, denudation, compaction,
and deposition. Note that denudation can be erosional or tectonic.
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uneroded original surface a point at a point
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Radiometric dating systems and closure temperature for
some minerals

Mineral and sating system Closure temperature
Hornblende (K-Ar) 525125°C
Muscovite (K-Ar) 325125°C
Biotite (K-Ar) 300%25°C
K-feldspar (K-Ar) 200%25°C
Muscovite (Rb-Sr) 500%25°C
Biotite (Rb-Sr) 275125°C
Monazite (U-Pb) 525125°C
Sphene (fission track) 275125°C
Zircon (fission track) 225+15°C

Apatite (fission track) 120 +20°C



FIGURE 7.14. Cartoon of contrasting cooling histo-
ries derived from Ar-“Ar dates on hornblende,
muscovite, and potassium feldspar on two different
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Apatite Fission Tracks

Above 60°C, Earth’s Surface

tracks -
accumulate over racks are

P Detrial age,
geologic time ;tea;;’llgg?giirme Unreset g
Between 110 )
and 60°C, notall 3
tracks are S Partially
annealed S Reset
Below 110, %
fission tracks are @ o
annealed (healed omplete Reset,
up and removed) Annealing Cooling age
quickly

0 t
Apparent Apalite FT age



Interpretation of Fission Track Ages

giv ooy Wetahoribatbrnins ta i dos iy tnt o e s S 1= ,mean length (i)
- | 131|138 uncertainty ()
£l S | 123 |17 |13
S| E : :ﬁo 25
3| 2 777 -
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From: Burbank and Anderson (2001)
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Southern Taiwan Ages: sediments reset by hot (high geothermal gradient) oceanic crust during burial
» Cooling by conduction with cold underthrust slab in accretionary wedge?

e Submarine erosion?

e Subaerial erosion starting at 2Ma?



Mountain building at 5-6 Ma

Rest temperature of apatite

9~ 6 Ma

Eurasia
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Proto Taiwan
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South China Sea
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(<190C )

PP: prehnite-pumpellyite
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The mechanism for mountain building

Thermal gradient : 30 "C/km Surface temperature : 15 C
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Apatite and Zircon fission track ages as a function of distance
from southern end of Taiwan

Best fit of erosion rate ~4-5 mm/yr Best fit of erosion rate ~5-6 mm/yr
6 10
5 . 8 ‘ ‘ Reset ages
_ ©
S =
= £
P B > 6 mm/yr
g < I ?
c 3 c
©
3 S 4 \
=
= 2 -
I L. 6
< N 2 l: 4
#L\L
. - e —
0 50 100 150 0 50 100 150 200 250 300

Distance from Southern Peninsula (km) Distance from Southern Peninsula (km)

Parameters of 1-D thermal model see previous slide except various erosion rate

Note: Predicted reset ages become progressively younger with time or distance to the north
Transition from unrest to reset ages is very sensitive to the erosion rate
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Yamato et al., 2009, GJI, 176, 307-326
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Note:

22
. 33.6 o
1. Widths of the AFT and ZFT reset ® 324 0.6
age zones remain nearly constant 3 201 |
between 23°~24° (40 km wide) — '105
steady state exhumation. iy W s
2. Southward propagate collision is 31.9 ‘._2_'52
consistent with reset ages in the 22.87 ' oyl 2 |
north and unreset ages in the A 0.7
south.
3. Ongoing collision is also recorded e 0.4
in the difference of reset zones P .6"?-6'-97
between AFT and ZFT (westward 1.0 ®1 41
migration of the mountain belt) 2308 he1.17
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e Unreset Age ‘N
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* Cooling Age o0 02.26
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Erosion rates in Taiwan across multiple time scales
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Seismic, hydrological and topographic controls on denudation pattern

Dadson et al. (2003)
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Locations of Structural Profiles
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Deformed and Restored B—-B' Profile
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Conclusions

e Oblique collision 1n Taiwan provides opportunity to
measure rates of uplift and erosion.

e Fission track studies indicate erosion rates
of 4 to 6 mm/yr.

e Exhumational SS reached for Apatite, but not Zircon.

e Unreset Ar ages 1implies shallow wedge trajectories.

e Southern Taiwan may exhibit early (2 Ma) cooling.

e Western Taiwan cooling history complicated by
thrust-belt structure.



