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1. Ordos: the Mysterious Basement 

2. Method: RF & VDSS
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Ordos

Exposed Archean/Proterozoic 
basement 

CAS Stations PKU Stations CEA Stations (Zheng et al., 2010 )
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4. RF Observations: Uniform Crustal Thickness

VDSS midpoint

Virtual sourceReceiver Midpoint
• Receiver Function (RF) imaging uses teleseismic Ps 
conversions at the Moho.

• Virtual Deep Seismic Sounding (VDSS) uses teleseismic 
Ss conversions at the free  Surface (”Virtual Source”), 
which gets reflected from the Moho as SsPmp.

• We use high amplitude post-critical SsPmp so stacking 
multiple records is unnecessary. 

 

3. VDSS Observations: Large Lateral Variation in Crustal Thickness

VDSS
Delay Time 

• The area with large delay times corresponds to a 
positive aeromagnetic anomaly (Wang et al., 2015) 
and is hypothesised to be the Archean core of Ordos.

• The rest of Ordos with typically delay times <10s 
could have Proterozoic basement.

C C’

B

B’

A A’

Area with thick crust 
Area with positive 

aeromagnetic anomally
(Wang et al., 2015)
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Surface

Moho

Surface

Moho

• Higher Vs in the mantle beneath the receiver will 
cause an increase in delay time of S’s’Pmp and 
therefore an overestimation of crustal thickness.

S

s

S

s
P p

• Stations with large negative residual arrival time fall in the area where          
tomography results show high Vs at large depth (Jiang et al., 2012)   

• The virtual source of station JB15 with residual arrival time -6.25s is located 
close to station XIX that has residual time -4.00s.

• The 2.25s difference between the two stations could account 
for most, if not all, of the thick crust observed at JB15.

JB15

XIX

Virtual source 
of JB15Station
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B B’

A A’

C
C’

• Ordos has Archean/Proterozoic basement covered with thick 
Phanerozoic sediment.

• Ordos has thick lithosphere (~200km) and very low seismicity.

• Recent studies have proposed uniform crustal thickness of 
~40km (Wang et al., 2012) or nonuniform crustal thickness    
locally up to ~60km (Yu et al., 2012) in Ordos.

• Does possible lateral variation reflect amalgamation of   
Precambrian blocks or Phanerozoic modification?

• Yu et al. 2012 showed VDSS delay times up to 12.5s on 
BB’, corresponding to crustal thickness of ~60km.

• We used more data to constrain the lateral 
variation and found that Only east-central 
Ordos has VDSS delay times >10s.

A A’

B B’

C C’

JB12
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Conversion
Amplitude

• Yu et al., 2012 reconciled VDSS observations (thick crust) and RF CCP 
image (thin crust) on BB’ by assuming a lower crust between the two 
Mohos with Vp=7.x km/s.

• We compared VDSS observations with RF CCP images along AA’, 
BB’ and CC’.

• Along AA’ and CC’, as well as west of 109ºE on BB’, the VDSS 
Moho agrees with RF Moho.

• We modeled VDSS waveform of JB12 with a two-layer crust model:

5. Alternative: Uniform Crust, Nonuniform Mantle

Normalized
Misfit

0.6

0.8

1

1.2

1.4

1.6

1.8

2

• The distribution of misfit shows strong trade-off between 
thickness and Vp of the lower crust.

Upper Crust
Lower Crust

Mantle

Vp (km/s) Thickness (km) Density (g/cm3)Poisson’s Ratio
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Best-fit Model Parameters (Red ones are varied in the grid-search)

 Distribution of Misfit

• Previously we have assumed 
1D velocity structure beneath 
the Moho.

• However virtual sources and  
receivers are far apart (~120km) 
due to post-critical reflection, 
so that mantle velocity along 
S’s’ and Ss could be different. 
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JB15

Vs=4.45km/s at 100-120km depth 
(Jiang et al., 2012)

Conclusion
We don’t know whether the large lateral variation of VDSS observations 

in Ordos arises from heterogeneity in the crust or upper mantle.
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