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Abstract  

This study investigates the relationship between seismic velocity and temperature in 

the lithosphere by utilizing high-resolution shear wave velocity models, cooling models, 

and heat flow data. The velocity models used in this study, primarily derived from 

Fishwick (2010), provide a detailed seismic tomography framework for analysing 

lithospheric temperature distribution. Comparisons were made with global models such 

as Schaeffer et al. (2013) and Kustowski et al. (2008) to assess model reliability and 

resolution differences. By applying both half-space and plate cooling models, the study 

estimates lithospheric thickness, thermal uplift, and subsidence patterns. Velocity-to-

temperature conversion was conducted using a statistical approach as well as the 

empirical parameterization of Priestley & McKenzie (2006). Results indicate that the 

half-space cooling model predicts a continuously cooling lithosphere, while the plate 

model shows thermal equilibrium at older ages. Temperature estimates from shear wave 

velocities range from 375°C to 1746°C using the half-space model, and from 598°C to 

1580°C using the plate model. The empirical parameterization by Priestley & McKenzie 

(2006) predicted lower temperatures, ranging from 140°C to 1280°C, and demonstrated 

better correlation with observed heat flow data. Temperature difference maps 

highlight slow velocity anomalies beneath the ocean ridge, Cape Verde, and Canary 

Islands, corresponding to regions of high thermal anomalies. Gravity data analysis 

reveals that faster seismic velocities coincide with negative free-air gravity anomalies 

and lower temperature deviations, while slower seismic velocities align with intermediate 

gravity anomalies and higher thermal deviations. These findings provide a refined 

understanding of lithospheric cooling patterns and contribute to geodynamic studies, 

petroleum exploration, and the assessment of regional thermal models. The study 

underscores the importance of integrating seismic, thermal, and gravity data for 

improved lithospheric characterization and highlights the need for expanding the 

analysis to the eastern margin of Africa and the Indian Ocean for a comprehensive 

regional assessment. 
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Introduction  

The emergence of plate tectonic theory 

in 1915 and its subsequent world-wide 

acceptance in the 1950’s (Wegener, 

1966), revolutionised the science of 

geology. Generally, the theory refers to 

the movement and interaction between 

lithospheric plates at plate boundaries 

which are responsible for geologic events 

such as earthquakes, volcanism and 

mountain building. This new model was a 

combination of two previous theories, 

continental drift and sea-floor 

spreading, both of which were based on 

the lateral movements of the earth’s 

continents and oceans relative to each 

other. 

As this fundamental theory advances, 

mathematical cooling models (McKenzie, 

1967; Turcotte and Oxburgh, 1967; 

Lister, 1974; Parsons and Sclater, 1977) 

described the thermal structure of 

oceanic lithosphere. The simple 

structure and evolution of oceanic 

plates, provides a perfect situation for 

the application of thermal models to 

plate tectonics. The separation of two 

lithospheric plates at mid-oceanic 

ridges, results in the ascension of hot 

mantle materials, which subsequently 

cools by conductive heat loss (Lister, 

1974; Parsons and Sclater, 1977), and 

contracts. Consequently, this thermal 

contraction increases the mean density 

of the lithosphere, causing it to subside 

as it shifts away from the ridge. 

Observations of oceanic plates shows 

that away from the ocean ridges, there 

is a relationship between decreasing 

heat flow and increasing sea floor age 

(Fig. 1). Surface heat flow and ocean 

depths have been the principal 

observables on thermal cooling models 

and both have been used to map the 

thickness of oceanic lithosphere.  

The most used models for describing the 

thermal structure of oceanic lithosphere 

are the half - space cooling model 

proposed by Turcotte and Oxburgh, 

(1967) and the plate cooling model 

originally proposed by McKenzie, (1967). 

The half – space cooling model assumes 

that the lithosphere will continue to cool 

and increase in thickness infinitely with 

increasing age. However, following the 

realisation that ocean depth flattens at 

older ages, McKenzie (1967) proposed 

the cooling plate model and impose a 

constant temperature 𝑇𝑚  beneath the 

plate. This constant basal temperature 

limits the old lithosphere from growing 

by attaining a constant thickness. 

Comparison of the models’ predictions 

with observed data shows that the plate 

model provides a good fit to average 

data. Although, predictions by both 

models have been successful in 

explaining the evolution of oceanic 

lithosphere with age, debate is still 

ongoing and different researchers have 

attempted to vary the model parameters 

in order to have the best fit to data. 

Because each research uses different 

set of parameters, it is difficult to 

compare the models predictions directly. 

However, there is no particular model 

that fits every region as evolution of the 
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lithosphere is not the same globally (Faul 

and Jackson, 2005). 

The primary aim of this work is to 

compare between the conductive cooling 

models of oceanic lithosphere and 

seismology by comparing predictions of 

deep (sub-Moho) thermal structure with 

seismic tomographic models. Thermal 

conversion of shear velocity would allow 

a direct comparison of the structure 

modelled in the tomography especially in 

conjunction with theoretical cooling 

models which explains the thermal 

evolution of the lithosphere. Studies of 

seismic tomography have shown that 

there are significant differences 

between the velocity structure of 

continents and oceans (Goes et al., 2005; 

Priestley and McKenzie, 2006). Velocity 

variations due to mineral compositional 

effects are secondary compared to 

thermal effects (Cammarano et al., 

2003; Furlong et al., 1995). Therefore, 

estimating the thermal structure which 

is a major cause of the velocity anomalies 

and comparing it with predictions from 

the cooling models would give a much 

more detailed information of the inner 

structure. The initial focus of this work 

is on the oceanic lithosphere for the 

Western Margin of Africa (fig. 1). 

However, subsequently, there is need to 

expand the scope to Eastern margin as 

well as the Indian Ocean, in order, to 

assess the normal cooling pattern of 

oceanic lithosphere. Similarly, 

comparison of the cooling pattern of 

oceanic lithosphere for these regions 

may further the understanding of 

evolution of oceanic lithosphere.  

 

 

Figure 1: Left, surface heat flow map for the western coast of Africa. Purple contour 

lines indicate ocean age, red lines indicate the ocean ridge and small coloured circles 

indicate heat flow data points. Right, sea floor age map for the western coast of Africa. 

Heat flow data was taken from the global heat flow data base of the International Heat 

flow Commission (2006) & sea floor age was taken from Muller et al., (2008). 
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Review of Velocity – Temperature 

Conversion 

Estimates of temperature within the 

lithospheric mantle using seismic data 

requires either mineral physics data or a 

parameterisation that assumes a thermal 

structure of the lithosphere. Previous 

studies conducted to infer temperatures 

from seismic velocities have been based 

on both forward and inverse modelling.  

Yan et al., (1989) carried out research to 

estimate both temperature and 

composition in the upper mantle from P 

and S – wave tomographic models at a 

depth of 150 km using the experimental 

partial derivatives of elastic moduli of 

olivine with respect to changing 

temperature. The study further 

estimates a global surface heat flow map 

from the predicted temperature (based 

on shear wave velocities) anomalies and 

later compare the inferred global heat 

flow distribution with other published 

heat flow maps. Based on the results, 

there is an agreement between the 

observed and predicted heat flow 

anomalies at 150 km depth. Using a 

similar approach, Furlong et al., (1995) 

estimated the thermal structure of 

continental upper mantle from 

compressional and shear wave velocities. 

In contrast to Yan et al., (1989) the 

study jointly estimated the temperature 

and compositional variations from the 

tomographic models and interpreted the 

differences in the observed and 

predicted heat flow anomalies 

quantitatively. Rohm et al., (2000) 

estimated temperatures from shear 

wave velocity data for the continental 

upper mantle using laboratory 

measurements of density and elastic 

moduli for different mantle minerals. 

The study further compared the average 

heat flow measurements and S – wave 

velocity tomography models for 

different tectonic provinces and 

discover a negative correlation between 

the two data sets. Because of the strong 

negative correlation of heat flow 

measurements and S – wave velocity data 

between 60 km and 180 km depth, the 

study suggested that the velocity 

anomalies were mostly due to the 

influence of temperature.  

Goes et al., (2000) performed a forward 

modelling of shear and compressional 

velocity data of Europe using parameters 

such as T, P and composition from 

different studies of mineral physics. The 

study used a regional tomographic model 

of shear wave velocity (adopted from 

Marquering and Sneider, 1996) and a 

global model of compressional wave 

velocity (adopted from Bijiwaard et al., 

1988). The results of the study were 

used to assess how temperature, 

composition, anelasticity and partial 

melting affects both P and S – wave 

velocities. The study concluded that the 

velocity variations due to temperature 

anomalies are higher compared to 

compositional effects. Goes et al., 

(2002) conducted similar research by 

inverting P and S velocities using three 

different tomographic models of North 

American continent in order to map 

seismic temperatures. The thermal 
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structure was inferred using the method 

discussed by Goes et al., (2000). The 

velocity inversions for temperature were 

compared with temperature estimates 

from surface heat flow. The results 

from the study show that predicted 

temperatures for both P and S velocity 

inversions are in agreement with each 

other and consistent with those inferred 

from observed surface heat flow. The 

study further concluded that the 

velocity perturbations in the uppermost 

mantle are mainly due to temperature 

variations.  

Cammarano et al., (2003) performed a 

forward modelling of mineral physics 

data in order to estimate the upper 

mantle temperatures and compositions 

from P and S – wave velocities and went 

further to assess the sensitivities of the 

synthetic model below 200 km depth. 

Additionally, the study highlights the 

uncertainties associated with forward 

modelling of mineral physics data into 

temperature, the dependence of the 

interpreted thermal anomalies on the 

reference model as well as the 

difficulties of distinguishing thermal and 

compositional anomalies. Goutorbe 

(2010) performed a forward modelling of 

seismic velocity data using the shear 

wave velocity model of Shapiro and 

Ritzwoller (2002) in order to infer the 

upper mantle temperatures. The forward 

modelling was done using parameters 

derived from mineral physics data. The 

study further considered fitting the 

seismic temperature, ocean depths and 

observed heat flow data with half – 

space, plate, and Chablis models. It was 

concluded that the model with a constant 

heat at the base of the plate (Chablis) 

provides the best to all the data sets. 

Goutorbe and Hillier (2013) estimated 

their seismic temperature using the 

same approach as in Goutorbe (2010), but 

improved the parameters of the three 

thermal models used by the latter by 

including a temperature and pressure 

dependent thermal conductivity, a 

temperature dependent heat capacity 

and initial condition of adiabatic 

decompression including melting. 

Based on knowledge of the thermal 

structure of the lithosphere, Priestley 

and McKenzie (2006) joined the thermal 

models of the Pacific with P – T 

estimates from kimberlites in order to 

obtain an empirical relationship 

connecting velocity, temperature and 

pressure. The relationship was then used 

to convert the shear wave velocity data 

to temperature for the oceans and 

continents. Ritzwoller et al., (2004) 

performed a joint inversion of group 

velocities of Rayleigh and Love waves for 

the Pacific. The group velocities were 

then combined with phase velocities 

based on seismic and thermal 

parameterisation in order to produce a 3 

D velocity model to 400 km. The 

temperature inversion was based on 

mineral physics data. The results from 

the inversions were then compared with 

predictions from half – space cooling 

model. The results from the comparison 

shows that the half – space cooling model 
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fits the data for ages younger than 70 

Ma.  

Description of the regional velocity 

model of the study area 

The shear wave velocity model for this 

study was taken from the high resolution 

regional seismic tomography model of 

Fishwick (2010) for Africa using a global 

reference model AK135 (Kennett, 1995). 

The velocity model was created from a 

two-step inversion at interval of 25 km 

up to 400 km depth using output at 0.50 

interval. In the first step, a waveform 

inversion of Rayleigh wave velocity data 

was used to create a 1 D velocity model 

for different time periods between 50 

and 120 s for both fundamental and first 

four higher modes. The higher modes 

were used to enhance the vertical 

resolution of the surface wave data. The 

study utilized only sources that are 

confined to Africa and its proximity with 

a large path coverage of 11,900 (fig. 2). 

For each path (earthquake – receiver 

combination) a 1 D model was 

constructed. As a quality control, four 

starting models were run for each 

seismogram and only 3 out of 4 final 

models were required to give a 

reasonable solution in order, to be 

selected for the inversion. In the second 

step the 1 D model was averaged to 

produce a 2 D shear wave velocity 

structure.  

 

 

Figure 2: Full path coverage of source - receiver used for the tomography study (plot 

taken   from Fishwick, 2010). 
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However, assessing uncertainties in 

depth resolution is challenging as each 

path average model contains different 

information in terms of frequency and 

higher mode content, leading to 

different depth resolution. 

Consequently, the vertical averaging / 

smearing cannot be assessed in the 

layer-by-layer inversion used in Fishwick 

(2010). Figure 3 shows the velocity 

perturbation map for the study area. 

The velocity map shows slow velocity 

anomalies beneath the ocean ridge 

located at the bottom – left part of the 

map and increasing fast velocity 

anomalies away from the ridge towards 

the continental margin. The slow velocity 

anomalies observed beneath the ocean 

ridge are due to the ascension of hot 

buoyant mantle materials and the fast 

anomalies are caused by increased 

cooling and thickening of the lithosphere 

away from the spreading axis. Other 

areas of slow anomalies shown by the map 

are also seen below the Cape Verde and 

Canary Islands. The slow anomalies are 

due to presence of hotspots beneath 

these Islands.  

 

Figure 3: Seismic velocity anomalies at 100km depth. The S – wave velocity model is 

part of the regional model of Fishwick (2010) for the Western Coast of Africa. 

 

Qualitative comparison of the regional 

velocity model with published global 

models for Western margin of 

Africa. 

The shear wave velocity model for the 

study area taken from Fishwick (2010) 

(fig. 4, top) was compared with other 

published shear wave velocity models for 

the same area. Comparison of the 

Fishwick (2010) model with a published 

model (fig. 4; bottom, left) by Shaeffer 

et al., (2013) shows similarity in the 

velocity signatures both for regions of 

slow and fast velocities.  
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Figure 4: Comparison of regional shear wave velocity model and global models for the 

study area at 100 km depth. 

 

For instance, in both models, the ocean 

ridge (located at the bottom – left of the 

map) shows a strong slow velocity 

signature. Additionally, the models 

reveal a strong fast velocity signature at 

the continental margins. However, the 

model of Shaeffer et al., (2013) shows 

lower velocities beneath the Cape Verde 

Island which is believed to have been 

underlain by hotspot. Similarly, the 

model of Fishwick (2010) reveal small 

scale structures beneath the ocean ridge 

as well as in the entire region. This is 

probably due to the fact that the 

velocity model of Shaeffer et al., (2013) 

is a global model with less dense sampling 

and lower resolution compared to the 

regional model of Fishwick (2010).  

Further comparison of the two (Fishwick, 

2010; Shaeffer et al., 2013) models with 

another global model (fig. 4; bottom, 

right) produced by Kutowski et al., 

(2008), shows that the model only 

reveals large scale features compared to 

the previous models discussed earlier.  

However, the model (Kutowski et al., 

2008) shows smaller variation in velocity 

and hotter lithosphere beneath the 

ocean ridge. 
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Temperature from shear wave velocity 

using statistical approach 

The initial step for the velocity – 

temperature conversion was to establish 

a trend between the shear wave velocity 

data for the study area taken from the 

regional seismic tomography model of 

Fishwick (2010) and sea floor age data. 

The shear wave velocity data for the 

Western margin of Africa has sparse 

data coverage (0.5o x 0.5o) compared to 

the sea floor age data grids produced by 

Muller et al., (2008), which has grid 

resolution of 2 arc min. Therefore, the 

sea floor age data was stacked on the 

shear wave velocity (Vs) data.  

Subsequently, the temperatures were 

estimated from the sea floor age, since 

the temperature structure of oceanic 

lithosphere depends on the sea floor age. 

A cross plot of shear wave velocity (Vs) 

and temperature for half-space cooling 

model using an adiabatic component 

(based on calculations from Faul and 

Jackson, 2005) and plate model 

(parameters are based on Hoggard et al., 

2017) were obtained. Shear velocity - 

temperature cross plot for half – space 

model (fig. 5, left) at 100 km depth with 

best fitting polynom of degree 3, shows 

regions of high-density points towards 

the centre as well as at the south 

western edge of the plot (at ~1330 oC). 

Similar cross plot (fig. 5, right) for plate 

model with best fitting polynom of 

degree 1, shows a linear trend of 

increasing temperature with decreasing 

velocity as opposed to degree 3 polynom 

for half-space cooling model.  

Following the scattered plots for the 

shear wave velocity against temperature, 

however, it was difficult to establish a 

good fit because of the concentration of 

data points skewing parallel to the 

temperature axis on the velocity – 

temperature cross plots. As a result, a 

statistical approach was devised in order 

to estimate the mean shear velocity for 

every 10 Ma interval. The shear wave 

velocity data was again interpolated on 

the seafloor age data. The grouped 

seafloor age data was plotted against the 

average shear wave velocity data for 

those ages (fig. 6). The seafloor age was 

later converted to temperature and an 

optimal fitting (i. e, the line that fit the 

mean values the best) was drawn on the 

temperature versus shear wave velocity 

plot for both half – space (fig. 7, left) 

and plate cooling models (fig. 7, right). 

The equations linking the shear wave 

velocity data and temperature at 100 km 

depth is given by equations 5.1 and 5.2 

for the half – space and plate cooling 

models, respectively.  

From these equations temperature maps 

were produced. Furthermore, the 

calculated temperatures for both half-

space and plate cooling models had been 

subtracted from the estimated 

temperatures to obtain the temperature 

difference maps. Subsequently, these 

temperature deviations were compared 

with gravity anomalies. The misfit for 

this approach was estimated using 

equation 5.3 by calculating the sum of 

the absolute temperature differences 

between the model temperature 
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prediction and the observed 

temperature from the shear velocity. 

𝑇(𝑉𝑠) = −1.5047 ×  103𝑉𝑠 + 7.7241 × 103                      5.1 

𝑇(𝑉𝑠) = −1.4443 ×  103𝑉𝑠 + 7.4870 × 103                      5.2 

𝑀𝑖𝑠𝑓𝑖𝑡 = ∑ ⃒𝑇𝑚𝑜𝑑𝑒𝑙 − 𝑇(𝑉𝑠)⃒                                              5.3 

 

Figure 5: Cross plots and histogram of Temperature vs Shear wave velocity (Vs) 

distribution for (left)half-space cooling model (adiabatic component included) at 100 km 

depth with best fitting polynom of degree 3 and (right) plate cooling model with 

asymptotic depth of 130 km at 100 km depth with best fitting polynom of degree 1. 

 

 

Figure 6: Shear velocity - age velocity relationship for the western margin of Africa. 
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Figure 7: Temperature - shear wave velocity relationship for Western margin of Africa 

using (left) Half-space cooling model (adiabatic component included) and (right) plate 

model with asymptotic thickness (a) of 130 km and mantle potential temperature of 1330 
oC at 100 km depth with best fitting polynom of degree 1. 

 

Temperature from shear wave velocity 

based on Priestly and McKenzie 

(2006)’s        empirical 

parameterization 

Similar to the statistical approach 

described earlier which was purely based 

on simple empirical relationship between 

the shear wave velocity and temperature 

calculated from the seafloor age, as well 

as on the assumption that oceanic 

lithosphere has a simple structure, the 

Priestly and McKenzie (2006)’s empirical 

relationship for the oceans incorporates 

parameters suitable for combining 

tomographic velocities with constraints 

from plate cooling model. The equation 

linking the shear wave velocity (𝑉𝑠) and 

temperature (T) is given by; 

 

𝑉𝑠 = [1 + 𝑏𝑣(𝑧 − 50)] × {𝑚𝑇 + 𝑐 + 𝐴𝑒𝑥𝑝 [
𝐸 + 𝑃𝑉𝑎

𝑅(𝑇 + 273.15)
]}                                   5.4 

𝑊ℎ𝑒𝑟𝑒, 𝑏𝑣 = 3.84 ×  10−4 𝐾𝑚−1 , 𝑚 =  −2.8 × 10−1 𝑚𝑠−1 ∮,  𝐴 =  −1.8 × 1016𝑚𝑠−1  

 𝐸 = 409 ×  103𝐽𝑚𝑜𝑙−1, 𝑉𝑎 =  10−6𝑚3𝑚𝑜𝑙−1, 𝑅 = 8.3145 𝐽𝑚𝑜𝑙−1𝐾−1, 𝑐 = 4720 𝑚𝑠−1 

𝑧 = 𝑑𝑒𝑝𝑡ℎ, 𝑉𝑎 = 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒, 𝐸 = 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦, 𝑅 = 𝑔𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 

𝑃 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =  𝜌𝑔𝑧, 𝜌 = 3300 𝑘𝑔𝑚−3, 𝑔 = 9.81 𝑚𝑠−2.    
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The conversion of shear velocity to 

temperature using Priestley & McKenzie 

(2006)’s parameterisation began by 

calculating the theoretical shear velocity 

(𝑉𝑠). At every 0.5o, 𝑉𝑠 was modelled and 

equation 5.4 was used with a range of 

temperatures (0 – 1290 oC) at 10 oC 

interval. The theoretical velocity was 

further compared with the observed 

shear velocity in order to obtain the 

minimum difference between the two 

velocities. As a quality control, the 

temperature that generates the 

minimum misfit at each data point was 

used as the converted temperature (fig. 

8). The misfit can be minimised by using 

a smaller step of temperatures. 

 

 

Figure 8: Velocity misfit map between observed velocity (Fishwick, 2010) and 

theoretical velocity (Priestley and McKenzie, 2006). 

 

Gravity data 

Gravity measurements can be used to 

infer whether an area is in isostatic 

balance. Therefore, if a region is 

isostatically stable there should be no 

additional or lack of mass above the 

compensation depth. The free – air 

anomaly includes the effects of all the 

mass variations that underlies the 

measurement point. In contrast, the 

Bouguer anomaly has had the effect due 

to mass of the topography removed. 

Therefore, the two can be used to 

investigate the stability and instability 

of tectonic regions. The gravity data 

used in producing the free-air (fig. 9) 

and bouguer gravity (fig. 10) anomaly 

maps is a satellite data taken from the 

International Centre for Global Earth 

Models (ICGEM). The advantage of using 
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a satellite data is that there is a full 

coverage compared to observed ground 

data. The model used was based on 

GOCO05s with about 7171 number of 

grid points and a grid step of 0.50 x 0.50 

equivalent to the shear wave velocity 

model grid size. The model is based on a 

reference system WGS84 with a 

maximum degree of 65. 

 

 

Figure 9: Free-air gravity anomaly map for the study area (adopted from GOCO05s). 

 

Figure 10: Bouguer gravity anomaly map for the study area (adopted from GOCO05s). 
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The gravity maps were smoothed using a 

small spherical harmonic of 65 so that 

only long wavelengths anomalies are 

enhanced. Based on these coordinates 

(latitude: 300 and -50 and longitude: 150 

and -350), the gravity grids were 

imported to Matlab environment to 

produce gravity anomaly maps. 

Results 

Estimated temperatures from shear 

wave velocities 

Using a mantle potential temperature of 

1330 oC adapted from Hoggard et al., 

(2017), temperatures were estimated 

from shear wave velocity for plate 

cooling model (fig. 11) and half - space 

model (fig. 12) at 100 km depths 

respectively. Temperature estimates 

range from 375 oC to 1746 oC for 

conversion using half - space model and 

598 oC to 1580 oC for plate model. These 

temperature ranges reflect predictions 

from continental margins to ocean 

ridges. The colder lithosphere observed 

away from the ridge axis for half – space 

cooling model is due to the fact that the 

model assumes continuous cooling for 

older ages. The misfits for conversion 

using plate model is 464 oC and using half 

– space model. Temperature estimates 

based on Priestley & McKenzie (2006)’s 

empirical parameterization (fig. 13) 

ranges from 140 oC to 1280 oC and a 

misfit between the observed and 

theoretical velocities are between 0.01 

to 0.035 Km s-1. The Priestley and 

McKenzie (2006)’s empirical 

parameterization predicted lower 

temperatures compared to half – space 

and plate cooling models. 

 

Figure 11: Estimated temperatures from shear wave velocities for plate model at 100 km 

depth with asymptotic thickness of 130 km and mantle potential temperature of 1330 oC. 
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Figure 12: Estimated temperatures from shear wave velocities for Half-space cooling 

model (adiabatic component included) at 100 km depth. The adiabatic parameters were 

based on equation (2.2) using Tm = 1330 0C, Ts = 0 0C, Cp = 1350 JKg-1K-1, k = 8.04 x 10-7 

m2s-2 and αT = 2.9 x 10-5 K-1. 

 

 

Figure 13: Estimated temperatures from shear wave velocities based on Priestly and 

McKenzie (2006)’s empirical parameterization at 100 km depth. 
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Figure 14, shows the variations of mean 

temperatures for the three models with 

age for 5 Ma interval. Accordingly, the 

models mean predictions shows a better 

correlation at ages greater than 45 Ma 

than at younger age. Based on Priestley & 

McKenzie (2006)’s parameterization the 

mean temperatures for 5 Ma interval are 

almost constant for all ages. The mean 

temperatures for the half – space and 

plate models have better correlation 

with each other than with Priestley & 

McKenzie (2006)’s parameterization. 

The half – space cooling model shows 

higher mean temperatures at younger 

age and lower mean temperatures at 

older age. The maximum mean 

temperatures for the model are 1513 oC 

for ages between 5 – 10 Ma and the 

minimum is 1014 oC for ages 175 – 180 Ma. 

 

 

Figure 14: Variations of mean lithospheric temperatures with age for half - space, plate 

and Priestley & McKenzie (2006) models. 

 

Temperature difference maps 

The calculated temperatures for both 

half-space and plate cooling models have 

been subtracted from the estimated 

shear wave velocity temperatures. The 

difference between the seismic 

temperatures and the ones from plate 

cooling model gives temperature ranges 

between -448 oC and 392 oC (fig. 15). 

Similarly, temperature deviations from 

half-space cooling model ranges between 

-327 oC and 252 oC (fig. 16). In both 

maps, regions of higher/lower 

temperature difference anomalies 

coincide with portions where the 

estimated shear wave velocity 
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temperatures are higher/lower than the 

calculated temperatures for both half-

space and plate cooling models. The two 

temperature difference maps have 

shown slow velocity anomalies beneath 

the ridge axis, Cape Verde and Canary 

Islands. These regions of slow velocities 

correspond to the tops of regions of low-

density anomalies.  

Temperature difference for plate model 

subtracted from Priestley & McKenzie 

(2006)’s empirical parameterization 

gives a minimum of -483 oC and a 

maximum of 182 oC (fig. 17). This shows 

that the plate model with parameters 

adapted from Hoggard et al., (2017) has 

higher temperatures than the ones used 

by Priestley & McKenzie (2006). 

 

Figure 15: Temperature deviations for plate cooling model subtracted from converted 

temperature. 

 

Figure 16:  Temperature deviations for half-space cooling model subtracted from 

converted temperature. 
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Figure 17: Temperature deviations for plate cooling model subtracted from converted 

temperature based on Priestley & Mckenzie (2006). 

 

The free – air gravity anomaly values for 

the study area ranges from -27 mGal to 

+64 mGal and shows (fig. 9) regions of 

positive gravity anomalies on the Cape 

Verde Hotspots due to their high 

topography. The ocean ridge has 

intermediate anomalies (almost zero) 

indicating that they are isostatically 

stable. The small long wavelength 

positive anomalies near the ridge axis are 

as a result of higher elevation of the 

ridge. The gravity anomaly maps were 

compared with temperature difference 

maps as well as the velocity 

perturbations. Regions of faster shear 

wave velocities have negative free-air 

anomaly as well as lower temperature 

difference signatures. Similarly, areas 

of slow velocity anomalies are seen to 

coincide with intermediate free-air 

anomalies and higher temperature 

difference signatures. The bouguer 

gravity values ranges between -98 mGal 

to +396 mGal and the anomaly map (fig. 

10) show areas of high, intermediate and 

low bouguer gravity anomalies. The high 

bouguer gravity anomalies match with 

regions of fast velocities as well as low 

temperature difference anomalies. 

Regions of intermediate bouguer gravity 

anomalies correlates well with areas of 

high temperature difference anomalies 

as well as slow velocity anomalies. 

Additionally, areas of negative bouguer 

gravity anomalies correlates with the 

continental margins.  

 

 

Conclusion 

❖ Using the knowledge of the 

thermal structure of the 
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lithosphere, this study has 

estimated temperatures at 100 

km depths from shear speed 

model of Fishwick (2010) for the 

western coast of Africa. 

❖ The velocity – temperature 

conversion was conducted using 

two approaches: firstly, a 

statistical method comparing 

velocities and predicted 

temperatures. Secondly, using 

the approach of Priestley & 

McKenzie (2006). 

❖ Based on the statistical 

approach, the half – space 

cooling model predicted colder 

lithosphere away from the ridge 

and hotter lithosphere beneath 

the ridge in comparison to plate 

cooling model. 

❖ The Priestley & McKenzie 

(2006)’s approach predicted 

lower temperatures both at the 

continental margin and beneath 

the ridge. 

❖ The models mean temperature 

predictions for 5 Ma interval 

shows a better correlation for 

ages greater than 45 Ma than at 

younger age. 

❖ In order, to assess the normal 

cooling of oceanic lithosphere, 

however, there is need to expand 

the scope of this study to 

eastern coast of Africa and the 

Indian Ocean. 
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